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DELAYED SWEEP 
MBEASUREMENLS ARE SMALE 


Just dial time and position, then push the delayed time base pushbutton .... and read! That’s all there is to it. The Philips PM326 
separate delayed time base controls afford complete independent settings. Adjustments to usable levels of intensity are automatic an 
eliminate ‘back and forth’ control settings at all intensity levels. Pushbutton switching to delayed time base enables quick measurement 

The PM3260 uses DC switching for all functions. This design feature makes possible the optimum control panel layout for simplicit 
of operation and maximum electrical and mechanical reliability. 


® 120 MHZ BANDWIDTH 
To keep ahead of component developments, such as Schottky TTL 

® TRIGGERING TYPICALLY ONE DIVISION AT 200 MHZ 
Assures ‘fiddle free’ trigger stability far beyond the oscilloscopes bandwidth 

© EXTREMELY LIGHT — ONLY 19.8 POUNDS ! 
Because every pound counts on a field service call 

© TOTAL POWER CONSUMPTION ONLY 45 WATTS 
No cooling fan! No filter to replace! Optimum reliability ! 

e LINE VOLTAGE 90 - 250 VOLTS AND 46 - 440 HZ WITH NO ADJUSTMENTS 
Goes almost anywhere ! 

© PM3260E ( ECONOMY MODEL ) ONLY $ 1850.00 COMPLETE WITH SNAP ON COVER 
The standard version PM3260, priced at only $ 1950.00 comes equipped with 
built in full power connections for active probes. 
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e FOR ADDITIONAL INFORMATION, contact Philips Test & Measuring Instruments, Inc. 
A NORTH AMERICAN PHILIPS COMPANY 
400 Crossways Park Drive Woodbury, New York 11797 
Telephone: (516) 921-8880 Twx: 510 221 2120 
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SPECIAL APPLICATIONS INFORMATION ‘ HOT LINE ’. 
DIAL TOLL FREE NUMBER (800) 645-3043 
NEW YORK STATE, CALL COLLECT (516) 921-8880 
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SERIES JA. 

Closest thing yet to a universal 

OEM circuit breaker. Any rating 

from 0.020 to 30 amp at 240V 60Hz 

or 400Hz, or 65V DC. Four time 

delays. Seven special-function 

internal circuits. One to four poles. 

Plastic or steel toggie handle, 

rocker, or pushbutton actuator. _ | 

oo Optional colors. Optional snap-in | i 
__ installation (no hardware). Choice 
 - of quick-on or screw terminals. 
Five-year warranty. 16-page 





- Aneasywaytofind 
the right OEM circuit breaker 


SERIES CF. 
Most compact breaker in its 
class, offered in both front- and 
back-connected models. Any 
rating from 0.010 to 100 amp at 
240V 60Hz or 400Hz, or 125V 
DC. Special 480V models. Four 
time delays. Seven special- 
function internal circuits. One to 
six poles. Five-year warranty. 
14-page Bulletin CF-3104. 


SERIES AM1. 

Direct replacement for 
Heinemann AM12 and similar 

_ breakers; costs less. Any rating 
— from 0.020 to 60 amp at 250V 

- 60HZz or 400Hz, or 65V DC. 70 

- and 100 amp ratings available in 
120V 60Hz. Four time delays. 
Seven special-function internal 
circuits. One to four poles. Five- 
year warranty. 8-page Bulletin 
3306. 





(and the fastest delivery). 


Heinemann Series JA, AM1, and CF are the Big 3—Amer- 
ica’s best-selling OEM circuit breakers. 

And with good reason. These three product lines are 
broad enough and deep enough to handle amest any 
_OEM application. 

_ Remember that, and next time you want a circuit 
ker (or power switch) for the equipment you manufac- 

oe ture, you'll be a step closer to Knowing exactly what you 
so need. 















Your nearby Heinemann representative has com- 
pete information on the oe 3, as well as other Heinemann 


“We oo you out of trouble. ; 8762 


breakers, and can assist in recommending specific mod- 
els for your application. He’ll also tell you about our new 
stock program, called Quick-Draw, through which you can 
generally get a reasonable quantity of standard breakers 
in a few days, sometimes even overnight. : 

The Big 3 breakers are described separately in de- 
tailed product bulletins packed with useful engineering in- 
formation and application hints. We'd like you to have 
them all. Contact your nearby Heinemann representative 
or Heinemann Electric Company, Trenton, NJ 08602. 
Phone (609) 882-4800. 


for more information, Circle No. 20 
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The KIT-8/A component computer 





gives you minicomputer power at 


a microprocessor price. 


$572 in quantities of a hundred. 


(CPU & 1K RAM.) 


We’ve put the world’s most experienced minicom- 
puter, the PDP-8, on a single board and called it the 
KIT-8/A. 

And we’ve done it using proven, readily- 
available, multi-source MSI semiconductor 
technology. 

The KIT-8/A will 
give you speed and 
performance at a very 
low price. It’s a full- 
scale 12-bit computer, 
the latestin the PDP-8 
family. With 1.5 
usec cycle time, a 
huge, healthy software library, and the same power- 
ful instruction set as the PDP-8/E. And it’s fully 
compatible with most PDP-8 family hardware, 
operating systems, and high-level programming 
languages like BASIC, FORTRAN IV, and 
FOCAL. 

The Omnibus™ backplane makes it easy to inter- 
face the KIT-8/A directly to more than 60 PDP-8 
options and peripherals. 

To make your life even easier, we’ve made the 
seven most-requested options available on two 
option boards. On one board, we’ve put the serial- 
line interface, 12-bit parallel I/O, front-panel 
control and real-time clock. On the other, we’ve put 
the bootstrap loader, power-fail/auto-restart, 
and memory extension. 





The KIT-8/A and option boards. 





We've employed expandable semiconductor 
memory to enable you to tailor your memory capac- 
ity to your needs, from 1K to 32K words. Choose 
ROM, RAM, PROM, or ROM/RAM combina- 
tions — mix and match to suit your application. 

The KIT-8/A will enable the sophisticated user 
to give his system true computer capability at a 
very low price: $572 in quantities of a hundred 
(for CPU and 1K RAM). 

We start delivering in late 1974. We’re accepting 
volume orders right now. To place yours, call 
800-225-9480. Toll-free from 8:30 AM to 5:30 PM 
Eastern time. (US only. Massachusetts residents, 
please dial (617) 481-7400, extension 6653.) 

We’re the Components Group of Digital Equip- 
ment Corporation, One Iron Way, Marlborough, 
Massachusetts 01752. 

In Canada: Digital Equipment of Canada 
Limited, P.O. Box 11500, Ottawa, Ontario, 
K2H8K8. (613) 592-5111, extension 154. 


COMPONENTS 








GROUP 


Unbundling the world’s most 
popular minicomputer systems. 


de 










Not only the encieat 
and best, but the newest 
| and easiest-to-use 
- eomplete graphic data 
acquisition system. The 
8%” Bigs = 1858. 















The Model 1858. isa complete Ea nabie S lien, es 
with 18 channels, its own plug-in signal con tioning 
for voltage and transducer measurements 
internal paper take- “up. _ _ 

Size-wise, the 1858 is the ultimate i in porta ! lity, 
everything in a package only 8%" high, tak -along 
65 poundslight. —_— _ 

Performance. Excellent transient respons : each 
channel has dc to 5,000 Hz response plus 42 iscrete 
paper speeds up to 120 ips.) Superb sees re ’ 
duction due to CRT recording. 


inte Superior 0. 5% cnesiey at full t ‘paper width 
ection. No fat Static traces, no sa “out, no- 























eieatiiy a choice oi ee in signal condilienins 
\dules including high, medium and gee 

: ff ential amplifiers; a strain gage unit; a 
therr ocouple control unit and a module for inter- 












ant to know more? Write or call our expert, 


connect input cables. Easy to use as an eae a O d Moyer, Jaieden. Test Instruments. 


No acne cases to mount, no eeroonneet 










303) 771-4700. 


monstration ¢ Circle No 10 








Get all four basic types 
of fixed resistors from Panasonic. 


1. Hot molded carbon composition fixed resistors 
from Panasonic have an extremely high degree of 
resistance value stability. They are all uniform 

so you can design with dependability. Solidly 
built with superb appearance, Panasonic hot 
molded carbon composition resists cracking, gives 
you reliable performance. They are extremely small 
and light to give you design flexibility. Especially 
in digital circuitry where good pulse characteristics 
are necessary. 


2. Carbon film resistors have proven stability. The 
carbon film is formed on the surface of high-grade 
ceramic cores. These resistors are all grooved and 
painted according to value. They have long product 
life and low noise level. Their superior coating 
provides excellent insulation and protection from 
humidity. 


3. Precision type metal film resistors have a very 
wide range of operating temperatures. From —55°C 
to+ 150°C. Panasonic’s precision type metal film 
resistors operate within reliable resistance toler- 
ances, from +1.0% to+5.0%. Panasonic’s newly 
developed epoxy resin coating gives them excellent 
resistance to humidity. 


4. Flame-proof metal oxide film resistors are made 
with superior metal oxide film. This film is formed 
on heat proof, non-alkaline ceramic materials to 
provide flame-proof insulation. These Panasonic 
resistors deliver high frequency performance with 
little current noise. Very stable, they have a maxi- 
mum operating temperature of 70°C. 

All are readily available. All at a reasonable 
price. All made with the kind of quality that 
delivers high performance. It’s what you expect 
from Panasonic. For more information on 
Panasonic fixed resistors, fill out this coupon. 


CO nn eee 


EDN-1 
Matsushita Electric Corp. of America, 


Industrial Division, 200 Park Avenue, N.Y., N.Y. 10017 
Attn: Roger White 
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F [ ] Please have representative call. 
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Panasonic Electronic Components 
—our technology is all around you 


For more information, Circle No. 21 
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Still rolling up the score. 
Now, 223 standard Beckman DIPs. 


We're adding more and more models to the 
RESNET™ DIP resistor line to make things 
easier for you. 

Now there are 223 standard RESNET DIPs 
to give you wider seleetion, greater variety 
of resistance values, and less need for custom 
components. 

Use them for applications involving pull- 
up/pull-down, line termination, LED current 
limiting, ECL termination, or interface net- 
works. And most models are second- 
sourced, too. 

RESNET DIPs are dimensionally uniform, 
ideal for automatic insertion techniques. 
They're also laser-tailored for precise resis- 
tance values. And every part is 100% tested. 


Ours is the broadest line available and it’s 
stocked locally by your Beckman/Helipot dis- 
tributor for immediate delivery. 

Prices? Truly competitive, actually giving 
you the quality of cermet technology at 
plastic prices. 

Considering breadth of line, quality, avail- 
ability, and good pricing, you don’t have to 
look farther than Beckman for standard re- 
sistor networks. Or for expertly produced 
custom versions as well. 

Check us out. For immediate literature or 


the phone number of 
your Beckman/Heli- 
pot representative, call 


toll-free (800) 4837-4677. HELIPOT DIVISION 





For more information, Circle No. 22 
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EDITORIAL 


Musings on trade shows and conventions 


After having just gone through the rigors of another trade show, 
some observations are in order. I’m asked constantly what | thought 
of it, particularly about the exhibit section. Unfortunately, my 
opinion and 25¢ might get you a cup of coffee. What counts is what 
the exhibitors think, for they are the ones who shell out a good 
amount of money to be there. The same goes for those companies 
who pay the tab for attendees. 

So what about the most recent WESCON? There are those who 
shout gloom and doom over declining numbers of both exhibitors 
and attendees. However, most who attended WESCON were quite 
pleased with the entire affair. As usual, WESCON was well 
organized and well run. The organizers were satisfied that projected 
attendance figures (30,000) actually materialized, even though these 
were far below the peaks attained in the sixties. The lower figures 
can be rationalized in many ways: tight budgets, business slumps, 
absence of semiconductor manufacturers, too horizontal and more. 

How valid these arguments are is open to question. If you or | had 
a clear-cut answer, we’d probably get rich. However, why do we so 
blithly accept this situation as ‘that’s the way it is,’’ while at the same 

‘time similar shows in Europe are so successful? The latter are well 
attended and there is no lack of exhibitors. 

Perhaps this question has been raised many times in the past; 
however, | believe it needs more exposure. One must ask, ‘‘What is 
the purpose of trade shows?”” Why expend considerable dollars to 
exhibit or send people to attend them? In Europe, the answer is to 
do business. Here, it is exposure! There’s a vast difference. 

Fhe argument for and against selling ‘‘on the floor’ continues, 
with those against still holding the edge. They seem to think it 
demeaning to sell on the floor—but why not? It works elsewhere! 
The trade show is a great place for buyers to have products 
demonstrated and to compare them all in a single day. It makes 
sense to me and it should make sense likewise to both exhibitors 
and to companies who foot the expense for attending engineers. 
And the return on investment is more readily measurable. 

You, who design with and use those products exhibited at trade 
shows, are the ones who will determine their ultimate fate. What's 
your opinion? | 


Editor 
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At last! _— 
A time meter so simple, ee 
SO low in cost you can alr ay 


Hugh R. Roome 


use it In quantity on the vidi 


equipment you design. Walt Patstone, Managing Editor 


Bob Cushman, Special Features Editor 
Joel Atstein, Associate Editor 
Earle Dilatush, Associate Editor 


Chet J. Dudziak, Associate Editor 


Install these newly developed precise build up of a copper Tom Ormond, Associate Editor _ 
electrochemical elapsed time column in the glass tube, cali- Erwin Voee aie Votes eaeee 
indicators on equipment and brated in hourly increments. Christine Loftus, Copy Editor 
components to get accurate Readouts are direct and non- Art Staff 
records of operating time. The reversible. Shock or vibration Dan ibaa Diese 
indicators cost less than $1.00 in have little effect on either opera- Elizabeth Garrenton, Nest Directar 
large OEM quantities and are tion or accuracy. In fact, the Peter Newcombe, I//ustrator 
extremely compact... about the indicators have been conserva- E. John Croswell, ///ustrator 
size of an ordinary automotive tively rated for 75 2's shock. ; Ralph Stello, Jr., //lustrator 
fuse. 1000, 2000, 5000 and 10,000 Try these time meters on the 
hour meters are available. Current | €quipment you design. You'll Production Staff 
consumption for a 1000 hour unit find them ideal for warranty Wayne Hulitzky, Director 
is only 50 microamps. validation...to determine over- William Tomaselli, Manager 

The indicators operate ona haul, calibration or replacement Meredith Tilp, Assistant 


simple columetry principle. When periods... or for most any 

a controlled DC current is applied preventive maintenance elie ae 

across the terminals, there isa .@ operation. Thelma Drinkwine, Manager 
Send tor information now! 






Marketing Services 
lra Siegel, Director 






Actual ? 
Size Research Director 


Jerry Neth 
Tiny package...tiny price... Editorial Directo 
ideal to monitor operating time for has 

. ) Editorial Consultant 
maintenance, warranty validation. jeune 


Editorial Office Addresses 
Executive (617) 536-7780 
221 Columbus Ave. 
Boston, MA 02116 


New York (212) 689-3250 
205 ©: 42nd St 
New York, NY 10017 


West Coast (213) 933-9525 
5670 Wilshire Blvd. 
Los Angeles, CA 90036 


A.W. HAYDON CO. PRODUCTS 


TEE ae ag Reprints of EDN articles are available ona 
NORTH AMERICAN PHILIPS CONTROLS CORP. | | in quantities of 300 or more, For an exact 


in quantities of 500 or more. For an exact 






quote, contact Art Lehmann, Cahners 
Reprint Service, 5 So. Wabash, Chicago, II. 
60603 (312) 372-6880. 





For more information, Circle No. 23 
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The first +. 
@ bipolar 
microcontroller. 


Monolithic Memories’ bipolar microcontroller. 
It’s a complete 4-bit expandable 

TTL/LSI data slice. 

A single chip in a 40-pin DIP. 


And you thought we only made memories. 








MMI/’s bipolai 





Our microcontroller is flexible. Expandable. Something 
you design with, not around. 


When we announced our 
10K ROM, we proved that bipolar 
processing could match MO 
memory densities and still keep 
all the product advantages of the 
Schottky TTL. Now were proving 
it again in logic. Monolithic 
Memories has driven ahead to 
the next major growth step in 
device integration in the world of 
logic. The MMI 5701/6701 bi- 
polar microcontroller is the result. 

It’s a natural stage in the 
development of bipolar integra- 
tion following the evolution of 
logic technology from discretes 
to MSI to LSI. But with com- 
plexity of over 1000 gates, our 
microcontroller deserves a de- 
scriptive title that’s even 
beyond LSI. 


What’s included: | 

MMl’s versatile microcon- 
troller, designed to be used as a 
4-bit peel slice of a conven- 
tional CPU, can also be easily 
designed into peripheral con- 
trollers where Schottky TTL 
speeds are required. Or you might 
want to use it in a host processor 
to contro] several slow micro- 
processors. Its two-address 
capability and nano-instructions 
let you design 200-nanosecond- 
cycle-time CPU’s or emulate con- 
ventional machines by adding a 
few off-chip ROMs/P.ROMs for 
your microprograms. (MMI can 
Sra supply the supporting 
ROMs, P.ROMs and RAMs. Even 
build the boards to your specs.) 

The 5701/6701 will handle 
the data flow section of most 
computers. It’s expandable in 
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4-bit increments without any sig- 
nificant speed penalty. Look- 
ahead outputs are included. 16 
general pubes accumulators 
on the chip give you the com- 
puting power of the top-line 
16-bit minis or 24- and 32-bit 
computers. 

In conventional TTL equiva- 
lents, the 5701/6701 does what 
it now takes 25 MSI parts to do. 
Saves 375 I/O pins, 30 square 
inches of printed circuit board 
area and 5.6 watts of power: The 
Savings on parts, pins and power 
speak for themselves. (See chart) 


Process, Power and Performance 
MMI’s 5701/6701 (Mil/ 
Commercial) microcontroller is a 
standard Schottky bipolar single- 

layer-metal device. Needs only 
DV and ground. All inputs and 
outputs are TTL compatible. 

The 5701 is specifically designed 
to dissipate maximum power at 
low temp and minimum power at 
high temperature for improved 
mil temp range performance 

and reliability. 

Speed? The 6701 can 
perform el ase multiple 
operations which are performed 
in each cycle without timing 
problems. Fetch two operands, 
subtract, shift, and store, in one 
200ns cycle! (A; —BjB;) 


The MMI 5701/6701 microcon- 
troller features: 


1. Over 1000-gate complexity 
Schottky LSI. 

2. Proven reliability of single- 
layer-metal process. 

3. 36 instructions— 21 arith- 
metic, 15 logic, and shifting 
capability with overflow 
detection. Active high or 
active low logic. 

4. Performs multiple nano- 
instructions such as fetch, 
subtract, shift and store in 
one cycle. 200ns max. (Over 
temp and Vic). 

D. Replaces 25 TTL MSI pack- 
ages; saves 5.6 watts. 

6. 16 directly addressable 2- 
port general paced accu- 
mulators. Full 2-address 
capability, some 3-register 
operations. 

7. Separate on-chip register 
for use as a scratchpad or 
accumulator extension. 

8. Direct data-in and accumu- 
lator operations. 

9. Separate low fan-in data 
input bus and a 3-state 
output bus. 

10. Expandable to handle N- 
bit words with full carry look- 
ahead capability. 

11. Both zero detect and 
overflow conditions are 
brought out. 
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Where you can use it 

The most appealing applica- 
tion for this powerful new device 
is in 7 gent or replacing exist- 


ing CPU’s while maintaining all 
your existing software. Four of 
our 6701’s, for instance, with 
about 24 other standard TTL 
parts, can emulate a 110-package 
6-bit mini-level computer. 
Equally uaeonons applica- 
tions for MMI’s 5701/6701 are in 
distributed aire applica- 
tions. Its TTL speed in communi- 
cations processors improves bit 
packing, and lowers phone line 
costs. Processing speed is also a 
key factor in concentrator appli- 
cations for POS systems, intel- 
ligent terminals and other 
multiprocessors. 





The ability to implement 
special purpose dedicated in- 
struction sets makes our 6701 a 

erfect fit for machine and pro- 
cess control, navigation systems, 
and traffic control applications. 
Most systems using 74181, 9340, 
9341 or 748281 ALU’s can now 


get better performance with 
our 6701. 


How to get into it 


If you design with TTL and 
have existing software, MMI’s bi- 
olar microcontroller fits right in. 
ecause it’s 4-bit expandable, 
ou can tailor it to fit your system. 
asy. And our applications 
people will be glad to help. 

Best of all, you'll find prices 
on the MMI 5701/6701 are com- 
petitive to standard TTL. Learn 
more about prices, specs and 


For more information, Circle No. 24 





elivery. Write Monolithic 

emories, Inc., 1165 East Arques 

venue, Sunnyvale, CA 94086. 
Better yet, call your local MMI 
sales office or representative 
listed below. 


EASTERN AREA SALES OFFICE: 
(617) 653-3158 © NEW ENGLAND 
REGION: (617) 475-8883 * NEW YORK 
REGION: (914) 831-4590 ° MID- 
ATLANTIC REGION: (215) 643-5391 ° 
CENTRAL AREA SALES OFFICE: (214) 
369-7952 » MINNEAPOLIS REGION:’ 
(612) 881-1600 * WESTERN AREA 
SALES OFFICE: (714) 556-1216 


Representatives: 
ALABAMA, Huntsville (205) 539-1771; 
ARIZONA, Phoenix (602) 264-7971; 
CALIFORNIA, Palo Alto (415) 369-4671; 
COLORADO, Denver (303) 423-1020; 
CONNECTICUT, North Haven (203) 
239-9762; FLORIDA, Orlando (305) 
423-7615; ILLINOIS, Chicago (312) 
593-0200; INDIANA, Ft. Wayne Se 
432-5591; Indianapolis (317) 359-9283; 
IOWA, Cedar Rapids (319) 393-8703; 
KANSAS, Kansas City (913) 236-4646; 
KENTUCKY, Louisville (502) 893-7303; 
MARYLAND, Baltimore (301) 825-3330; 
MASSACHUSETTS, Boston (617) 
444-2484; MICHIGAN, Detroit (313 
358-2020; Grand Rapids (616) 451-8901; 
MINNESOTA, Minneapolis (612) 
884-7471; MISSOURI, St. Louis (314) 
432-2830; NEW JERSEY, Teaneck (201) 
692-0200; NEW MEXICO, Albuquerque 
(505) 265-5655; NEW YORK, N.Y.C./L.1. 
(201) 692-0200; NORTH CAROLINA, 
Raleigh (919) 834-6591; OHIO, 
Cincinnati (513) 521-2290; Cleveland 
(216) 228-7525; Dayton (513) 298-9546; 
PENNSYLVANIA, Pittsburgh (412) 
344-7277; Willow Grove (215) 674-3850; 
TEXAS, Dallas (214) 239-9148; Houston 
(713) 721-1054; WISCONSIN, Wauwatosa 
(414) 786-6330. 
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perform like this 





TVceo Measured at 10 mA *Forced gain = 100 


Like all Unitrode Power Darlingtons these new 300-volt units exhibit the lowest 
saturation voltages available. 


Like all Unitrode Power Darlingtons their short turn-on and turn-off times mean 
unusually high efficiency in fast-switching applications. 


Like all Unitrode Power Darlingtons they give you greater savings in design and 


assembly time and lower component cost than is possible with discrete components. 


Like all Unitrode Power Darlingtons they are planar for the highest reliability 
and stability. 


Unitrode’s full line of Power Darlingtons includes PNP and NPN transistors and a wide 
choice of characteristics in single and dual, mixed or matched, units. 


Send for complete details on the entire line of Unitrode Darlingtons. For faster action, 


call Peter Jenner at (617) 926-0404. Describe your application on your company 
letterhead and we'll send a Suitable sample. 


For more information, Circle No. 25 


meee LINIT RODE 


580 PLEASANT STREET, WATERTOWN, MA 02172 











Don’t count 
submarine 
telephone cables 

out yet 


Earle Dilatush, Associate Editor 





Despite a common misconcep- 
tion that communication satel- 
lites have made submarine 
cables obsolete, their construc- 
tion and usage continue to grow 
rapidly. Just this past June, for 
example, North America’s trans- 
atlantic telephone cable circuits 
doubled when a new 1840- 
circuit undersea cable went into 
service. 


Why not go all-satellite? 


In view of recent satellite 
developments, many people 
wonder about the activity in 
submarine cables. After all, 
these have been the standard for 
intercontinental communication 
since laying of the 1866 tele- 
graph cable. The answer is 
simply that submarine cable 
technology has also been ad- 
vancing rapidly, keeping cable 
communication competitive 
with that using satellites. A 
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modern cable system provides 
reliable, secure, high-quality 
transmission at a cost below 
satellite service. This cost drops 
steadily with each new genera- 
tion of cable systems. 

The first Trans-Atlantic Tele- 
phone cable (TAT-1), installed in 
1956, had a capacity of 48 
conversations. Contrast that 
with the newest cable design for 
use in the U.K.-Belgium route. 
This can handle 5500 telephone 
circuits over a 1200-mile route. It 
will carry television signals as 
well as telephone—the only 
very-long-distance cable de- 
signed with that type of capabili- 
ty. Engineers believe this design 
can be useful for up to 4000 
miles, making it suitable for long 
intercontinental routes. 

Satellites and submarine ca- 
bles complement each other. 
Submarine cables serve better 
where there is large traffic 











Heave Ho! South Atlantic cable’s 
shallow-water section being hauled 
ashore at Sesimbra, Portugal. The cable 
runs from Capetown, S. Africa to Lisbon, 
Portugal. (/TT) 


between two points, such as 
U.S. to Europe. Satellites, how- 
ever, are economical on long 
“thin’’ routes with less traffic 
and have been very useful in 
providing international service 
to developing nations. They 
permit communication from any 
ground station to any other 
within range, giving flexible 
service to small countries with 
low traffic density. 

When the first communica- 
tions satellite, Early Bird, was 
launched, it supplied 240 trans- 
atlantic circuits and was 
thought to herald the end of 
submarine cables, at least on 
long-haul routes. Cable installa- 
tions did slow down for a time, 
but soon picked up because of 
decreasing costs. Since 1956, the 
cost of each circuit mile of cable 
has decreased by a factor of 30, 
principally because more and 
more channels are being packed 
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The shortest distance between two 
points is a cable; it’s faster than a 
satellite link. These are the submarine 
cable networks in the Atlantic, Carib- 
bean and Mediterranean seas as of 1974. 
The new TAT-6 will shortly add 4000 


circuits, doubling the transatlantic 
path. (/TT) 


into each new cable. 


Cables provide long life 


Cables have a designed life of 
25 years. This means that once 
they are placed on the bed of the 
ocean, they—with their millions 
of components—are expected to 
operate perfectly 24 hours per 
day, day in and day out, for 25 
years! Experience has shown 
this to be attainable. Every 
submarine telephone cable sys- 
tem laid since the first small one 
in 1926 from the U.K. to Belgium 
is still conveying rated traffic. 
On rare occasions they may be 
cut by trawls or anchors in the 
shallow-water areas. But the 
outages can be repaired in a few 
hours to a few days. 

Satellites, on the other hand, 
have been much more prone to 
technical problems. None _ has 
yet realized its design life, with 
the exception of the very first 
Early Bird that lasted two years. 
Obviously, satellites are difficult 
if not impossible to repair. 

At present, there are six 
satellites in orbit over the 
Atlantic, Pacific and Indian 
oceans. All of these, except the 
Indian-ocean satellite, are com- 
plemented by cable systems. 
The low volume of traffic in Asia 
and Africa does not yet warrant 
an Indian-ocean cable. 


Traffic fixes the choice 


Traffic and projected growth 
of traffic, even though difficult 
to define, are the major factors 
influencing the design of tele- 
communication networks. 

Countries with the highest 
volume of traffic have invested 
in both satellite and cables. 
Currently there are over 140 


submarine cable 


systems 
throughout the world and there 
are 79 satellite earth stations, 
using 89 antennas, in 53 coun- 
tries. This dual arrangement 
safeguards the traffic by provid- 
ing alternative facilities. 

The vast majority of these 
facilities are in North America 
and Europe. In the past 10 years 
the number of telephone calls 
between the U.K. and North 
America increased from 900,000 
a year to 8.5 million. By 1980 the 
telephone authorities plan to 
handle 30 million calls a year. To 
fill these needs, undersea com- 
munication cables are rapidly 
expanding, with the number of 
circuit miles doubling every two 
to three years. 


Some pro’s and con’s 


The existence of both cable 
and satellite facilities allows 
alternative routing in the event 
of outage on one or the other. 
However, the quality of commu- 
nication must be considered. 

Voice quality over a satellite 





system is normally good, but the 
waves must travel as much as 
40,000 miles from the transmitter 
up to the satellite and down 
again to the receiver. This causes 
almost a 1-sec delay, which 
compounds technical problems. 
The delay is so great that two 
satellite ““hops’’ are not permit- 
ted in tandem on a phone 
circuit. By comparison, the 
delays are undetectable in a 
cable system of several thousand 
miles. 

For transoceanic transmission 
of color-TV pictures, the satellite 
has the edge because of its 
circuit capacity. In a live trans- 
mission, color-television chan- 
nels use the equivalent of about 
1000 telephone circuits. Also, it 
is not particularly important if a 
program broadcast in America is 
received in Britain with a 
half-second delay. 

Cable transmission offers 
some other advantages, too. 
One is the lack of radio- 
spectrum pollution. Waves 
transmitted over cables are 
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restricted to the interior of the 
cable and do not pollute the 
‘‘ether.’’ Thus, they cannot 
interfere with other vital services 
such as communication, radar 
and aerial navigation. Nor can 
they be intercepted by unau- 
thorized agencies. 

Conversely, since all circuits 
on a cable are guarded by a 
metallic cable wrapping that is 
impervious to radio waves, cable 


transmission does not receive 
interference from existing radio 
services and cannot be inten- 
tionally jammed. 


Today’s network is big 


Since the TAT-1 cable in 1956 
(144,000 circuit miles), the 
world’s submarine cable net- 
work has expanded rapidly to its 
present size of about 28.7- 
million circuit miles. This repre- 


Aerial map architecture matches 
other on-board instrumentation 


Global aerial chart information 
now is being reconstructed into 
an aircraft cockpit display for 
navigational purposes. Laser- 
hologram technology and the 
notion of ‘‘cassette’’ have 
merged. 

Extending from Navy and 
NASA development programs, a 
holographic moving map display 
system (Fig. 1) was constructed 
by a team of RCA-Burlington 
electronic engineers. The dedi- 
cated system provides an aircraft 
pilot with automated manage- 


7 to 8 1p/mm, 65% response 














Resolution 
Viewing area Circular, 6-in. diameter _ 
Color fidelity — Equivalent to existing - 
Brightness ——=—=——cceptable for viewing 
— (12:1 contrast) ina 2000- 
flenvironment _ 
Configuration Two units: power supply and 
Hisplayunit —— sis 
Display size 8-1/4 x 8-1/4 x 26 in. . 
Display weight 18 Ib se 
Power supply size (19x 7-1/2x4-7/8in, 
Power supply weight 28 Ib, 9 oz | oe 
Storage technique 
Map information 
Indexing informa- 
tion 
Registration 
information — 
Storage density 
Access time 
Image motion X-Y translation over #3-in., 


360° rota 





Power requirement — 
Projection source §- 370W.——i—‘=ts 
power 


Table 1—Moving map display character- 
istics. 


~ 20 


sents an investment of roughly 
$1.2 billion. 

To meet the exploding need 
for worldwide communications, 
an additional 26.8-million circuit 
miles of cable, costing about 
$530 million, are being readied. 
Also, plans are on the drawing 
boards for roughly another 
3.3-million circuit miles, repre- 
senting an additional expendi- 
ture of $90 million. O 








Fig. 1—A dual-package system, the display screen is housed with a light source, 


reconstruction and readout optics, a film transport and control logic. Other unit 
contains power supplies and transport drive electronics. 350W tungsten lamp handles 


the in-flight reconstruction. 


ment of on-board aerial maps 
from flight plan to touch-down. 
Furthermore, it elevates this 
flight support function to the 
architectural level of other 
on-board instrumentation such 
as altimeters, auto-pilots, radios 
and radars (Table 1). 


Lasers and holograms 


Holography has been chosen 
because of its numerous ad- 
vantages over conventional 
image storage methods. Real- 
ized by this system are the 


following: 

« Precise registration of stored 
images independent of stor- 
age medium position 

¢ Highly redundant recording 

¢ Multiple image recording 

¢ Rapid and inexpensive du- 
plication 

Today’s techniques enable 
reconstruction of a map of the 
entire world with thirteen thou- 
sand 12-1/212-1/2-in. map seg- 
ments. Imagine each segment 
reduced to a 12X12-mm size 
hologram with indexing and 
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The RCA 300 volt Triac. 
It can knock the 400 volt triac 





The RCA T2800C is a solid 300 volt, 8 amp. triac. 
And sets a whole new standard for the industry. Until 
now, if you wanted added protection for 120V line opera- 
tion, you were forced to go from 200 volts all the way up 
to 400 volts. More protection than you needed. More price 
than you should be paying. Matter of fact, right now there 
are a lot of black boxes containing 400 volt triacs that 
could easily have used the RCA T2800C, 300 volt device. 

It’s rugged enough to handle just about any 120V 
line job you have in mind or that's ‘on the boards’— trom 
motor controls and solid state relays to power switching 
systems. It has features like: glass passivated junction, 
100 A peak surge full-cycle current rating, shorted-emitter 
center-gate design, low switching losses, low thermal 
resistance and it comes in our rugged Versawatt package. 
Perfect for dependable operation in a 120 volt line 
non-consumer environment. 


right out of the box. 


Another important feature is that you “buy it off the 


shelf” either from your local RCA distributor or directly 
from RCA Solid State. 


Its 1K price is 96¢ — sufficiently lower than the 400V 


device to save you money while still playing it safe. 


T2800 FAMILY 


RCA TYPE VOLTAGE RATING TK PRICE 
T2800B 200V $0.88 
T2800C 300V 0.96 
T2800D 400V 1.04 
T2800M 600V 1.50 


For more information contact your local distributor 


or RCA Solid State, Section 50/20, Box 3200, Somerville, 
N.J. 08876. Phone (201) 722-3200, Ext. 3134. 


For a free sample, send RCA a note under your 


company’s letterhead stating the application. 


RGA si: 


International: RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, Tokyo, Japan. In Canada: RCA Limited, Ste. Anne de Bellevue 8 10, Canada. 


For more information, Circle No. 26 
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WORLD LAND AREA: 


57.5 X 108 sa. Mi. 


ASSUMED MAP AREA: 70.0 X 106 sa. Mi. 


NO. OF 12%’ X 12%'' MAP SEGMENTS 
SCALE: 1: 2,000,000 : 720 
1: 500,000 : 11,600 





Fig. 2—World map conversion maintains an east-west continuity for a 32-frame 
strip. This is followed by the abutting E-W strip such that a North-South course 


causes strip to strip jumps of 32 frames. 


registration preserved. If 1000 
are assembled on a roll, then 13 
cassette rolls of holograms could 
reconstruct a map of the entire 
world (Fig. 2). 


5-holograms per frame 


Photoresist, deposited on a 
Kronar-tape base, was selected 
as the recording medium. Red, 
green and blue image informa- 
tion is embossed on one side of 
the tape while positioning and 
indexing information is em- 
bossed on the reverse side (Fig. 
3). 
The embossing process is 
performed in precise registra- 
tion on a frame basis. Three- 
color separation is used in three 
successive exposure operations 
to produce overlaid focused- 
image holograms. Indexing in- 
formation for retrieval purposes 





Fig. 3—Thé entire United States fits on 
one 35-mm roll! In fact, 13 cassette rolls 
of holograms could reconstruct a map of 
the entire world. 


ze 









is recorded as a Fraunhofer 
hologram. The fifth hologram, 
superimposed on each frame, is 
a Fresnel. It provides the 
registration information to prop- 
erly position the frame. Thus, 
five separate holograms of three 
different types are superim- 
posed to provide map detail, 
retrieval and coordinate tracking 
functions. 

During preflight, a special 
reader annotates cassette maps. 
The pilot displays each frame 


and traces his flight path on to 


follows his flight plan. 





the holograms. A_ servo- 
controlled heated stylus moves 
over the hologram, removing 
fringe modulation where it 
passes. However, frame address 
and position information remain 
intact due to the redundant 
nature of holograms. 

This technique also permits 
the addition of symbols, letters 
and numerals for navigational 
fixed points and other purposes. 
Expected cost of an entire tape is 
only $5. Therefore, it may be 
discarded after a single flight. 


Flying on-course 

Normal map presentation in 
flight, an automatic tracking 
mode, maintains the aircraft's 
present map position. With a 
20% frame overlap, display- 
refreshing is quite acceptable. 
Map orientation can be either 
“north-up” or “‘track-up.’” The 
pilot also can select a “look- 
ahead’”’ mode or manually call 
any frame in the cassette and 
then return to auto mode. 

Drawing on the flight-plan 
annotation, a dedicated on- 
board computer unrolls the 
cassette to provide the pilot with 
a bright 6-in. screen of moving 
map images that matches the 
panorama below (Fig. 4). 

Truly an exhaustive applica- 
tion of hologram technology, 





Fig. 4—Pilot can match the moving map display with the panorama below as he 
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When RCA says its 2023-12 


GIGAMATCH delivers 12 watts 





at 2.3 GHz, 12. watts is what 
it delivers. 








That's technology you can use. 


If 12 watts is what you need at 
2.0 to 2.3 GHz, 12 watts is what 
you re going to get. Because at 
RCA we're working to make our 
technical leadership important to 
your product's performance. And 
tO YOU. 

For example, we've used our 
experience on epitaxial and over- 
lay emitter-electrode construction 
technologies to bring you the RCA 
2023-12. It’s internally matched for 
use in amplifier applications in the 
2.0 to 2.3 GHz range. 

The RCA 41044 discrete transis- 
tor is another case in point. Here's 
an RF power oscillator that delivers 


350 milliwatts of power at 4.3 GHz. 


At that frequency, that's a lot 
of performance. 


And that's just the tip of the 
iceberg. 

Last year, we announced 18 
families and 29 types of products 
in the RF power area. Products such 
as the RCA 2000 and the RCA 3000 
series. Anew family of 2-GHz and 
3-GHz microwave power tran- 
sistors. A series in inventory, In 
quantity, and ready to ship. 

This year, it’s more. We've re- 
cently announced the RCA 2310 dis- 
crete transistor. We believe this de- 
vice offers the highest power output 
for a single transistor to date (lOw 
min.) for S-band telemetry service 
at 2.2 to 2.3 GHz. 

And more is on the way. 

In the high power microwave 
area, we're working on L-, S- and C- 


bands. Our line of GIGAMATCH 
devices (transistors with built-in 
input and output matching) is being 
expanded to cover the following 
additional frequency bands: 0.6-1.0 
GHz, 1.2-1.4 GHz, 1.4-1.7 GHz, 
1.7-2.0 GHz and 3.6-4.2 GHz. 

All these devices will be usable 
at the frequencies and power out- 
puts specified. So when you think 
of RF power devices that live up to 
their specifications, RCA should 
come to mind and you should con- 
tact your local RCA Solid State 
Distributor. 

For data on new microwave 
transisitors write RCA Solid State, 
Section 50J20, Box 3200, 
Somerville, N.J. 08876. Phone 
(201) 722-3200 Ext. 3435. 

solid 


Res State 





A power house in RF transistors 


For more information, Circle No. 27 
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CAN you PUT 
(0,000 VoLTs | 
, ON YOUR ICs? 

















But first we protected the Vcc line with our ICT Series (5 thru 45 volts) TransZorb™ Transient 
Voltage Suppressors and the signal lines with our new GHV Surge Arrestors. 


In most situations you will never have to worry about 10,000 volt transients but ‘“‘we did it’ in order to demon- 
strate both the speed (1 x 10°"sec) and the effectiveness of General Semiconductor Industries TransZorb 
Transient Voltage Suppressors. 


For an actual demonstration se 
or complete technical information call or write: + + 
bance tetldlon: Cite 'ia, 36 2 GENERAL SEMICONDUCTOR INDUSTRIES, INC. 


2001 West 10th Place, Tempe, Arizona 85281: 602-968-3101 
Mailing Address: Post Office Box 3078 


TransZorb’™ is a registered trademark of General Semiconductor Industries, Inc. 


the most dramatic aspect is that 


in-flight reconstruction is done 
not with a laser but with a 350W 
tungsten lamp. This is electronic 


wizardry at its best, again 
working for man in one of his 


most hostile environments.— 
CD 


Two shows for the price of one 
to be held in Boston 


Later this month, October 29-31, 
both the Northeast Electronics 
Research and Engineering Meet- 
ing (NEREM ’74) and NEPCON/ 
New England ‘74 will be held at 
the John B. Hynes Veterans’ 
Auditorium, Boston, MA. Man- 
agements of NEREM and NEP- 
CON have agreed on mutual 
visitation rights; however, stu- 
dents and children are not 
allowed at NEPCON. 

An electronic packaging and 
production show, this is NEP- 
CON’s first visit to New England. 
NEPCON officials project more 
than 100 exhibitors using 200 
booths, and attendance in the 
6-8000 range. 

NEREM '74 offers, in addition 
to an exhibit area with over 100 
companies showing new elec- 
tronic products and equipment, 
a wide-ranging technical pro- 
gram. This year the program 
features a broader coverage of 
disciplines and technologies 
than previous shows. Particular 
emphasis is on topics relevant to 
working engineers. Subjects will 
range from the traditional: mini 
and microcomputers, memories 
and communications, to non- 
traditional electronic areas: 
medical, automotive, trans- 
portation, postal service, digital 
TV and security systems. 


Mini/micro seminar 


A highlight of NEREM is a 
2-day seminar on one of the 
hottest topics today, mini/ 
microcomputers. The seminar, 
chaired by Andrew Knowles, 
Vice President, Digital Equip- 
ment Corp., will cover all 


aspects of the subject. During 
the first day, a silicon-on- 
sapphire mini, a microprogram- 
med processor, microproces- 
sors, 4k RAM’s and mini termi- 
nals will be examined. The 
second day will be devoted 
mostly to applications. 

Advance registration for this 
seminar is $80 for IEEE members 
and $99 for nonmembers. 

Another 2-day seminar with a 
similar fee structure will deal 
with modern communications 
and the computer. 


Nontraditional electronics 


A number of areas not thought 
of as traditional electronic mar- 
kets fill out the technical 
program. For example, a full day 
is devoted to current medical 
engineering and its role in 
hospital communications and 
diagnostic instrumentation. 
How electronics are presently 
being used in the automobile 
and what the future holds is the 
subject of another session. 

Use of electronics to help 
untangle the transportation 
snarl, applications of electronics 
in the postal service, and 
communications in security sys- 
tems are other nontraditional 
markets to be addressed in this 
year’s program. 

Additional subjects of interest 
in the NEREM technical program 
include digital TV systems 
(Image perception, picture 
structure, video generation and 
refresh memories) and energy 
problems facing the electronics 
industry today.—RF 
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* Tucked in the corner of this 

"@” Pulsar Watch is a miniature 
caaaeier which is used to trim the crystal. 
This Thin-Trim capacitor is one of our 
9410 series, has an adjustment range of 7 
to 45 pf., and is .200” x .200” x .050" thick. 
The Thin-Trim concept provides a variable 
device to replace fixed tuning techniques 
and cut-and-try methods of adjustment. 
Thin-Trim capacitors are available in a 
variety of lead configurations making 
them very easy to mount. 





,.“ Asmaller version of the 9410 is 
“the 9402 series with a maximum 
Aeoecianice value of 25 pf. These are per- 
fect for applications in sub-miniature cir- 
cuits such as ladies electronic wrist 
watches and phased array MIC’s. 





Johanson Manufacturing Corporation, 
Rockaway Valley Road., Boonton, N.J. 
07005. Phone (201) 334-2676, TWX 710- 
987-8367. 


For more information, Circle No. 29 
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14 new reasons why 
next design should includ 


MC10158 Quad 2-Input Multiplexer 
(Non-inverting Output) 

Includes common clock and common 
data select inputs. Ideal for 
economical multiplexing. 



























MC10150AL 256 x 4 Factory PROM 
Largest ECL ROM available today. 
Novel programming offers low cost 
and short turn-around time. 


MC10194 Dual Simultaneous Bus Transceiv 
Designed for high speed data transfer over 
multiport bus lines, increases message dens 


MC10195 Hex 
Inverter/Buffer 
Intended for MSI-rich 
designs for high-fanout 
clock driving and reducing 
stub lengths on long bus lines. 


MC1696 — 10, 1—GHz £ 
Counter with Re 
An industry firs 

natural for front-e 

of high performa 
counters 
prescale 
















MC10166 

5-Bit Comparator 

Compare two 5-bit 

binary words. 

| Connect multiple 
devices for 

comparing longer 


MC10159 Quad 2-Input peal 
|» words. 


(Inverting Output) 
A quad two channel 
multiplexer with 
enable. Input levels 
are inverted at 

the output. 


MC10287 High-Speed 2-Bit 
Multiplier Useful as an array 
multiplier block. Two 4-bit words can 
be multiplied in 14 ns (typical). 


MC10177 Triple MECL-to-MOS | 
Translator (N-Channel) 

Designed for NMOS memory systems 
as a read/write data/address driver. 
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w product innovations are only one 
son for the growing popularity of 
‘CL. In addition to high speed capa- 
ties, MECL offers design techniques 
it may lead to more competitive 
signs in lower speed regions. 
Jesigners now have a choice of 96 
sic devices in MECL 10,000 and com- 
tible MECL ITI, available in 230 
*kage options. For complete details, 
ite to Motorola Semiconductor Prod- 
ts, Inc., P.O. Box 20912, Phoenix, 
izona 85036. 

Exactly why should your next design 
‘lude MECL? We have the answers 





applications. 
an audio/visual seminar covering the 
2 of MECL, design advantages, and 
mparison of 10K and Schottky TTL. ; 
ra presentation at your facility, just MC10191 Hex MECL-to-IBM 
| 1 1 ees Translator The inverse of 
\l your local Motorola Distributor or 10190. Ideal for peripherals 
iM Sales Office. You'll see first hand and add-ons where interfacing 
1at MECL can do for you. to IBM computer is required. 
new logic capabilities for the 70s! 
For more information, Circle No. 30 
*indicates scheduled package addifians 
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MC10182 16-Pin 2-Bit ALU 
® Capable of performing 
_ 4 logic operations and 4 
arithmetic operations 

on two 2-bit words. 












-MC10190 Quad IBM-to-MECL 
Translator A quad translator for 
interfacing from IBM MST-type logic 
ignals to standard MECL 10K levels. 









MC10186 Hex D Flip-Flop 
with Common Reset Supplies 
an MSI answer for fast D 

flip-flop requirements. Clocking 
common to all six flip-flops. 


MC10197 Hex 
AND Gate 
Provides a high 
speed hex AND 
function with 
strobe capability 
for a variety of 
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_And the processing technology is strict- 


MOSTEK’s MK4102P-6 is fast— 275 ns 
access time! But speed Is only one of 
its features. Just as important, it's easy 
to use, requiring only one +5 V power 
supply. All inputs are TTL compatible. 


ly state-of-the-art utilizing a combination 


of N-channel silicon gate plus ion 
implantation. 


MOSTEK moves forwat 


















__ When your design requiresan MOS 

memory, remember MOSTEK. Call your — 
nearest MOSTEK distributor orrepre- 

_ sentative or contact MOSTEK 1215 W. 
Crosby Road, Carro . 
(214) 242-0444. In Europe contact 
MOSTEK GmbH, TALSTR. 1 
7024 Bermhausen, V 
Tel. 798038. | 
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Our packaging panels 
are completely interchangeable. 


ur quality, price 


and delivery are the best. 


Garry offers a complete line of 
standard, off-the-shelf packaging 
panels. All of which are completely 
interchangeable—in form, fit and 
function—with panels from any other 
manufacturer. Including the ones 
youre using now. But that’s where 
the similarities end. Garry offers you 
faster delivery, better price and high- 
er quality. 


And if that isn't enough 
consider the following. 


¢ Our pins have squareness of .025" 
and are the straightest in the 
industry. 


e Our sockets offer the most reli- 
able retention in the industry and 
retains even the new short I.C. 
leads (down to .090"). 


¢ Our gold plating on the contact is 
.000040" guaranteed. 


And our recently enlarged wire 


wrapping department features 


new l14FV Vertical Gardner- 


Denver machines. 


Engineering assistance to convert 
your logic diagrams to packaging 
hardware. 


For more information, Circle No. 32 


Which means you can get a better 
product, at a better price, in far less 
time from Garry than from anybody 
else. 


All from Garry. Where our service is 
unique. 
Garry Manufacturing Co.,1010 Jersey 


Avenue,P.O.Box 94, New Brunswick, 
NJ 08902 (201) 545-2424. 


Manufacturing Co. : 


We won't pin a bum wrap on you. 
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Tape-carrier packaging boasts 
almost unlimited potential 


Now moving from the drawing board into production, this technology 
provides impressive benefits. Should you be using it? 


Walt Patstone, Managing Editor 


The tape-carrier microinterconnect system, 
which has aroused so much interest lately among 
semiconductor manufacturers for producing DIP 
IC’s, looks like it might have equally great—if not 
more—potential for hybrid and higher level 
circuits. In fact, the concept could signal a major 
change in how electronic packaging will be 
conducted in the future. 

At its core, the tape-carrier concept is decep- 
tively simple. Basically, it boils down to repeti- 
tively fabricating miniature printed circuits on a 
plastic tape that often resembles movie film. From 
this basic format, the sky’s the limit as to what can 
be accomplished in terms of circuit complexity 
and processing automation. 

Tape (or film) carriers represent essentially a 
materials handling advancement. But so many 
opportunities exist for customizing this concept 





Fig. 1—28 individual bonding operations are needed for the 14 
wires in this conventional IC. Typically, the chip is mounted 
on a lead frame and then connected electrically to the frame 
with individual wires. Good production personnel can assem- 
ble almost 80 of these devices/hr. 
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that seldom do any two users see its potential in 
the same way. Therefore, a great deal of industry 
secrecy has been created to protect proprietary 
investigations. To put it in other words, there’s 
more to this story than meets the ear. 


Took years to develop 


The fact that tape-carrier-based packaging is on 
the verge of becoming a production break- 
through is evidenced by the stony silence given 
anyone who attempts to broach the subject with 
semiconductor manufacturers. Believe me— 
‘“mum’s the word!” This reticence is all the more 
significant since the tape-carrier concept really is 
not new. Both 3M and General Electric pursued 
the technology in the late 1960’s. Each was 
unaware of the other’s activities, though, until GE 
announced the sale of its line to Texas Instru- 
ments in 1971. 

In the beginning of the 1970's, technology 
essentially was shelved, at least by semiconductor 
houses. Lean sales cut deeply into manufacturing 
development programs. However, 1973’s boom 
breathed new life into efforts for automating 
device production...and tape-carrier packaging 
appears to be right in the middle of things. 

Todd Davidson, market manager for tape- 
carrier technology at 3M, sees four distinct 
application areas for tape carriers at present: 

1. beam-tape DIP’s (BT-DIP) 

2. beam-tape packages (BTP) 

3. beam-tape integrated substrates 
4. discrete-device carriers 


It only LOOKS like oriental art. Actually it’s a close-up photo” 
of a beam-tape IC, showing both inner and outer bonds. | 
this particular design, a “frame” of film supports the leads. 
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Fig. 2—Close-up of 16 mm IC tape carrier shows miniature 
laminated copper conductors that are cantilevered free of the 
film support at both ends. Inside conductors bond to an IC 
chip; outside conductors bond to a lead frame. 


Fast, fast, fast production 


‘Right now, materials and equipment suppliers 
are concentrating their efforts on automating the 
packaging of dual in-line IC’s, using the beam 
tape technique,’”’ Davidson said. “Although no 
semiconductor manufacturer has announced that 
he has gone into production of DIP’s using the 
technique, virtually every house has an active 
development program underway.” 

Even when IC makers begin using the process, 
they might not say so. A completed beam-tape 
DIP looks no different externally from its conven- 
tionally wire-bonded brother. 

Internally, though, it’s a completely different 
ball game. Instead of the chip being mounted on 


a metal-lead frame with wire leads individually. 


hand-bonded (two bonds/wire, Fig. 1), the beam 
tape technique permits leads to be bonded 
simultaneously on automatic equipment. Out- 
put/operator can be boosted from about 80 to 
>1000 devices/hr. 

The secret lies in a unique tape carrier, such as 
the typical design shown in Figs. 2 and 3. 
Modeled after movie film, the tape features 
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Fig. 3—Transparency of polyimide material is shown by front and bac! 
ing of these two 16 mm film carriers. Note also the different formats 


miniature laminated metallic conductors that are 
cantilevered free of the film support at both ends. 
Those on the inside bond to an IC chip; those on 
the outside bond to a lead frame. 

Fig. 4 illustrates how a typical inner lead bond 
could be made to chips with raised (or 
‘“bumped’’) terminal pads. Time and labor savings 
derive from the fact that all the leads are bonded 
simultaneously, a process referred to as ‘gang 
bonding.”’ The bonded chip, supported only by 
the carrier’s cantilevered leads, would appear as 
in Fig. 5. Key to this operation is accurate 
positioning of the tape’s leads on the chip’s pads. 

The next operation is to make the outer-lead 
bonds to the lead frame. Here, the inner portion 
of the plastic film carrier supporting the chip is 
cropped out (Fig. 6), and the outer leads simulta- 
neously bonded to a specially designed lead 
frame (Figs. 7 and 8). The plastic film remains a 
permanent part of the device, although its 
function is over at this point. Encapsulation in 
plastic by conventional molding techniques fol- 
lows to complete the assembly (Fig. 9). 

Each semiconductor house has its own ap- 
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proach to this process. Depending upon its 
investment in automatic transporting, aligning, 
bonding and testing equipment, a wide range of 
production rates and changeover capabilities are 
possible. 


Taking some short cuts 


An offshoot of the beam-tape DIP is the 
beam-tape package (BTP). Instead of mounting 
the platelet with bonded chip (Fig. 10) on a DIP 
lead frame, it is bonded directly to the conductors 
of a ceramic substrate, flexible printed circuit, or 
pc board (Fig. 11). The IC may be either uninsu- 
lated at this point, or preinsulated with a drop of 
resin as indicated. 

Obviously, the BTP should be of great interest 
to the hybrid and higher level packaging engineer 
for reasons of size. Also, it short-circuits the need 
to proceed all the way to a DIP before a usable 
device is created. 


The options are yours 


3M’s Davidson sees the beam-tape integrated 
substrate as the logical next step up from the BTP. 
It would resemble a conventional flexible printed 
circuit except that IC chips would be bonded 
directly to it by the inner-lead technique. Outer- 
lead bonding would be obviated because the 
cantilevered inner leads for the chips simply 
would be extensions of the conventional pc 
conductors. 

Depending upon customer desires, the BTP 
could have plated-through holes and circuitry on 
both sides. Or it could be cropped into unique 
shapes or folded in accordian fashion. Any 
number of possibilities exist for customizing the 
product. 

Although the number of IC’s included would 
be limited by the progressively higher cost of 

rejects, applications for the concept are neverthe- 








less exciting. For example, some day it would not 
be surprising to see a $39.95 digital watch 
incorporating active and passive devices, power 
source and display all deposited on, or bonded 
to, a single flexible circuit. Such a device would 
be assembled entirely by roller-transport, film- 
carrier techniques, making the low price both 
feasible and profitable. Fig. 12 illustrates such an 
application. 


1/2 OZ. COPPER 


X—6600—005 


X—6680—10 


The Devil you say 


Different in form factor is the folded-tape 
carrier (FTC) that was the basis of the Texas 
Instruments’ SATAN discrete transistors an- 
nounced in 1969. Fig. 13 helps explain the 
concept. 

Basically, copper-clad film tape is processed to 
form electrically isolated discrete pads that fold 
under the tape. Devices such as transistor chips 
(requiring three pads) and LED’s (two pads) are 
mounted on top of one pad, wire-bonded to the 
adjacent pads, and encapsulated. The end user 
simply crops out each device and reflow-solders 
the underside to conductor pads on his substrate. 
Both manufacturer and user benefit through 
automatic, roll-to-roll transport processing. 


Roll the film 


A variety of materials and formats can be 
supplied for fabricated and etched tape carriers. 
“Standard movie film type formats include stan- 
dard 8, super 8, 16, 35 and 70 mm,” states 3M’s 
Davidson. ‘Special formats can be supplied on 
request. 

“The only film-tape material offered to the 
industry right now is polyimide, a relatively costly 
but tough and extremely high-temperature- 
resistant plastic. Amber-colored polyimide can 
easily withstand the temperatures of thermocom- 


Fig. 4—Inner lead bonding, as shown in this graphical represen- 
tation, involves removing the IC chip from a wafer array and 
bonding it to each microinterconnect on a strip of beam tape. 


pression bonding and reflow soldering,’ the 3M 
executive added. 
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Table 1 describes the range of electro- 
deposited or rolled copper-clad polyimide tape 
carriers offered by 3M, along with plating materi- 
als, minimum etched line sizes, and chemically- 
milled hole tolerances. Copper may be clad on 
one or both sides and may be bonded to the film 
with epoxy or polyimide adhesives (in order of 
increasing temperature capability). Alternately, 
the film may be cast directly to the copper for the 
ultimate in temperature resistance. 

Sprocket and other holes may be formed either 
by punching or chemical milling (for unusual 
shapes). Patterning of the circuits (or any special 
circuit forming) is accomplished by photographic 
means. 

When asked for a design time frame, 3M 
reported that it takes about six weeks to develop a 
prototype tape carrier after agreement is reached 
on what is wanted. This assumes that no special 
punch tooling is required. 

For obvious reasons, Davidson recommends 
that a tape width as narrow as possible be 
selected to minimize trim waste. 


Got the picture? 


The only detailed information available on 
commercial tape carrier projects concerns the 
BTP. Specifically, Fairchild pioneered the major 
work on it and produced two electronic modules 
for the Polaroid SX-70 Land camera.' One mod- 
ule, for exposure control, features four BTP’s 
mounted on a rigid pc board (three of which are 
shown in Fig. 14). The other, a flash-firing 
assembly, has one BTP mounted to an integrated 
substrate interconnect—a double-barreled tape- 
Carrier approach (Fig. 15). 

The most complex BTP on the exposure control 
module features the bonding of 27 bumps, 
dissipates an average power of 1.5W, sees a peak 
power of 2W for 20 msec, and carries a peak 
current of 1.5A. Fairchild chose a3M Company 16 
mm format, 2-mil thick polyimide film laminated 
to 1 oz copper (with lead-tin solder) for the BTP 
carrier. The tape is handled in reels with standoff 
interleaving for die protection. Encapsulation is in 
epoxy. 

To attach the BTP, the pc board (with tin-lead 
coated traces) is fluxed and jigged. Then each BTP 
is located by aligning two holes in the film with 
holes in the circuit board through which pins 
have been placed. Attachment is by pulse-tip 
bonder. Die heatsinking isolates the reflow to the 
outer lead area. 

The flash-firing assembly is similar in construc- 
tion, except that the integrated substrate is a 70 
mm polyimide tape containing a 0.70 deposited 
resistor. This assembly handles up to 2A peak 
currents and dissipates 3.5W for 50 msec. 
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Fig. 12—Now is the time for many consumer and computer 
applications to incorporate beam-tape technology. Circuit 
substrate in this watch is formed by discrete-device-carrier 
process. Beneath watch is the carrier upon which the 
electronic components were mounted. Thin strip in the 
foreground is folded-tape carrier for manufacturing discrete 
transistors. 
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Fig. 13—Discrete transistors and LED’s are packaged by the 
folded-tape carrier technique. This was the basis of Texas 
Instrument’s SATAN transistor line announced in 1969. End 
user simply crops out each device and reflow solders the 
underside to conductor pads on his substrate. 
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Fig. 15—Flash!! Single BTP for flash firing assembly | 
of SX-70 camera mounts on an integrated substrate 
interconnect featuring a deposited resistor and 
formed from a wide, 70mm tape. Note tape’s 
sprocket holes on either end of the substrate. 
These are used in mounting the assembly within the 
camera. Circuit handles up to 2A peak currents 

and dissipates 3.5W for 50 msec. 


The other major BTP investigator of public 
record is Societe Honeywell Bull in France.” This 
firm has developed means and equipment for 
making the inner-lead chip bond and for attach- 
ing the BTP to a multi-layer ceramic substrate. 
Reported advantages are high density mounting 
for more compact and faster computers. 


Getting into the technology 


Conversations with materials and equipment 
suppliers, as well as with present investigators, 
provide the following insights for those consider- 
ing use of the tape-carrier technology. 

First, the technique is primarily one for high- 
volume production, at least at this point in time. 
The substantial investment in time and money can 
only be recouped satisfactorily in relatively high 
unit production. 

Second, no off-the-shelf materials or equip- 
ment exists now. Although materials and equip- 
ment are quite highly developed, they are still 
custom designed. The burden is primarily on the 
end-user to research the technology. 

Third, several of those interviewed recom- 
mended that the film-carrier technique be con- 
sidered as part of a total manufacturing system 
advancement involving a range of complementary 
efforts. The savings from a simple part-for-part 
replacement may not justify the investment. 

Last, this technology should be approached in 
an evolutionary manner—sort of a ‘‘walk before 
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Fig. 14—Smile! Three beam-tape packages, with 
their chips encapsulated in black epoxy, are 
mounted on pc board to form the exposure 
control module of Polaroid SX-70 Land Camera. 
Fairchild Camera and Instrument Co. performed 
major pioneering work on BTP’s. 






you run” approach. Even the largest and best- 
financed investigators have tended to take the 
technology slowly from the simple to the more 
complex, making sure they are confident in what 
they are presently doing before advancing to the 
next step. 

As stated by Hugh Harris, technical sales 
director for the Jade Corporation, a leading 
supplier of bonding equipment: ‘There is no 
particular problem to making the tape-carrier 
system work in the lab. However, it takes 
thorough process development and well- 
thought-out equipment to obtain high yields in 
high volume on the production line.” 


What about the future? 


Tape-carrier packaging technology looks ex- 
tremely promising as a means of reducing the 
manufacturing costs of mass-produced electronic 
equipment and components. Two areas will stand 
out in the near future: consumer products and 


computers. 


For consumers, it is not difficult to envision 
tape-carrier technology being applied to the 
manufacture of electronic watches and clocks, 
calculators, hearing aids, automatic cameras, 
automotive electronics, miniature radios, record- 
ers, and, perhaps, to special solutions for TV's 
and other appliances. 

Some experts have asserted that tape-carrier 
technology has little to offer computer people in 
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light of the industry’s great investment in, and 
experience with, the multiple-sourced DIP. But 
others say just the opposite, believing that 
computer-oriented applications could over- 
shadow consumer goods. We will have to wait 
and see which side is correct. 

One thing is certain, however—the beam-tape 
packaging technique appears to be a logical 
alternative to the beam-lead hybrid packaging 
method pioneered by Bell Labs and Western 
Electric. | 

‘The BTP has a clear advantage over the 
beam-lead approach because special process and 


product development is not required,” stated Dr. for all you ever wanted to know 
Thomas Longo, vice president and general man- about alte Lal current 
ager, Integrated Circuits group, Fairchild. 


“Changes in the design of devices can be | be POWER SUPPLIES 


accomplished relatively quickly and easily.” 


Longo sees the BTP device especially useful for | BATTERY CHARGERS 


digital SSI and MSI circuits, and for linear circuits | Call HERM RUDMAN toll-free (800) 421-2058 


such as op amps. He believes the economic IN CALIFORNIA CALL COLLECT (213) 750-1151 
advantages lie with the less complex IC’s, where 
the cost of packaging takes a proportionately 
larger share of total device cost. 

Yet, as the number of leads increase, the 


TALK TO THE CHRIST |: 





SiGe 13429 


CHRIS TIE 


advantages of the BTP’s simultaneous bonding | SS. ELECTRIC CORP 
grows. 3M states that the number of inner lead | ee Sees isso er wx o70- 921 Bee 





bonds doesn’t seem to be a limiting factor—they 
have designed tape carriers for IC’s with as many 
as 40 leads. Honeywell reports bonding up to 72 
leads. 

Longo also commented that he is encouraging | 
the military to go BTP. One military program is on | 
the verge of converting from beam-lead to 
beam-tape packaging, according to the Fairchild 
executive. 


For more information, Circle No. 33 














Closing on a minor (2) point 
What about the availability of IC chips for 
companies that may want to do their own BTP 
hybrid and higher level packaging work? | 
‘| believe the day will come when Fairchild will | 
be supplying reels of tape carriers with inner- | C 
lead-bonded chips,”’ Dr. Longo asserted. Howev- | 
er, when asked whether his company would be_ | 
willing to supply bumped chips alone, Longo said 
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e world... 


Minelco® micro-miniature trimmers are real “bread- 
winners.” Available in a wide range of mounting, 





he would not encourage their marketing in this | connecting and adjusting styles, they meet all 
form. Problems of quality control and quality | industrial and military environmental conditions. 
responsibility were cited as reasons. 0 | Micro-size, light, sturdy and highly reliable, these 

| “cost-savers” are a natural choice for airborne and 





aerospace applications where weight considerations 
are critical. 
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A PENNY CHANGE 





How to save silver when buying gold: Spec Cherry 
Gold ‘‘Crosspoint’’ Contact keyboard switches. With a 
momentary Form A (SPST/NO) price tag of just 29¢ 
in 250,000 quantity . . . lower prices in higher quantities. 


What do you get besides low price? Unique, proven 
Cherry Gold ‘’Crosspoint’’ contact configuration that 
enhances reliability. Tested beyond 50,000,000 opera- 
tions. (Test Report No. TK 10071 available on request.) 
You get Cherry’s low profile Keyboard switch featuring 
rugged construction, 2% ounce operating force and 


stable contact resistance (typically 25 milliohms over 
life). Made by the people who pioneered the Gold 
““Crosspoint” Contact in snap-action switches. 

The result? Cherry keyboard switches are your ideal 
choice for computer terminals, electronic calculators 
and credit card validators. 


‘% CHERRY ELECTRICAL PRODUCTS CORP. 
e& ® 3622 Sunset Avenue, Waukegan, Illinois 60085 











TEST A FREE SAMPLE. choose the 


29¢ Form A switch ... or any of Cherry's complete line 
of keyboard switch modules. Just TWX 910-235-1572 

. Of PHONE 312/689-7700 and ask Frank to give you 
facts on Keyboard Switches or circle appropriate 
reader service number. 


FORM A, MOMENTARY 
(SPST/NO) 
Circle No. 17 for Free Sample 


ALTERNATE ACTION (SPST) 
Circle No. 18 for Free Sample 


DUAL FORM A, MOMENTARY 
(DPST/NO) 
Circle No. 19 for Free Sample 


ACTUAL SIZE 


Cherry affiliates worldwide * Hirose Cherry Precision Co., Ltd., Tokyo * G. W. Engineering Pty. Ltd., Sydney 
Cherry Electrical Products (U.K.) Ltd., St. Albans, Herts ° Cherry Mikroschalter GmbH, Bayreuth, Germany 
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Debug Your System Design 


Before You Build It. 


Stable? Oscillatory? Unstable? With an HP 9830 
Calculator, you’ll know exactly how your control 
system will perform —long before you’ve 
committed to an expensive prototype. 
The secret to this cost-saving 
performance is our new State-Variable Dynamic 
Analysis Software. It’s a carefully developed set of 
programs that can ensure you a stable system — 
often in less time than it takes to evaluate one or 
two computations by other methods. 
Consider the benefits! No more struggling 
with Laplace transforms. No hassling with 
computer programming and interfacing. You just 
key in system component values directly from your 
block diagram, and the 9830 does 
the rest, automatically. 
In ten minutes or less, you get a high 
resolution plot of transient response and printed 
documentation of system parameters. And if your 
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Sales and service from 172 offices in 65 countries. 
P.O. Box 301, Lovefand, Colorado 80537 


design needs adjustment, the handy 
post-modification routine lets you change 
components or parameters with a few keystrokes. 

Electronic, hydraulic, mechanical, optical or 
hybrid controls: The HP 9830 Dynamic Analysis 
System can quickly save you enough on design 
costs to repay its $435* per month lease price. And 
through our extensive software library, you can 
compound its profitability with savings on the 
whole spectrum of engineering tasks. 

But why not see for yourself. For complete 
details, or a hands-on demonstration, call your local 
HP Sales Office. Or send us the coupon below: 


*Domestic U. S. A. price only. Lease, where available, includes service contract. 
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[ Please tell me more about your Dynamic Analysis System. 
© Hands-on demonstration ( Information only. 
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Contest winners apply A/D’s and 
D/A’s in novel and useful ways 


Data converters are committed devices that have been around a long 
time. Are there still new applications to conquer? Certainly! 


Robert Jay, Micro Networks Corp. 


Micro Networks sponsored its design contest to 
Spark new interest in the application of data 
converters. Rules and judging criteria were sim- 
ple: Applications must have included one or 
more A/D and/or D/A converters (not necessarily 
Micro Networks’ products), and judgment was to 
be based on originality, practical value and 
completeness. 

The contest was eminently successful. Running 
it was both an enjoyable and a challenging 





experience. Entries showed great thought and 
imagination, making judging difficult. In the end, 
however, Bill E. Dozer earned the grand prize—a 
$1000 U.S. Savings Bond. Eight other very deserv- 
ing designers received runner-up prizes. 

To the winners, we offer our congratulations. 
To all who entered, we express our sincere 
appreciation. To you, EDN’s audience, we pre- 
sent the top four design ideas as food for thought 
and inspiration. 





Programmable signal calibrates 
a remote analog MUX 


Bill E. Dozer 


Many analog input data acquisition systems 
utilize analog multiplexers located some distance 
from the central control computer. This is gener- 
ally done to save wiring costs between the 
multiplexer and computer. Frequently the data 
transmission is in serial form, consisting of a 
multiplexer channel address in one direction and 
converted digital data returned. While this system 
works well, about the only method of checking 
the calibration of the analog multiplexer-A/D 
combination is with a precision power supply that 
provides preset voltages connected to several 


dedicated analog multiplexer channels. This is 


costly, unduly complicated and wastes mul- 
tiplexer input channels. 
In this solution, the multiplexer binary channel 
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address lines are connected to a D/A converter 
that in turn is connected to channel zero of the 
multiplexer. Since most multiplexers of this type 
utilize random addressing, the computer can 
send any predetermined address to the mul- 
tiplexer. This sets the D/A converter to a prede- 
termined voltage level and strobes that value into 
the converter. The computer then addresses 
channel zero, receives the data back, and checks 
to determine if the system calibration is correct. 
This can be done at different values and polarities 
to check linearity, accuracy, etc. The dummy 
channel addresses do not affect the true channels 
with the same address since they can still be 
addressed correctly and the output of channel 
zero ignored. 
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Any odd-numbered channel address strobes in a calibration voltage to check the analog multiplexer-A/D combination. System is 


simple, efficient and flexible. 


In the example shown, a 12-bit, +10V D/A 
converter was connected to a 64 channel mul- 
tiplexer (six address bits). Five of the six bits were 
used to code five different calibration voltages, 
while the sixth one strobed the data into the D/A 
converter. Either a sample/hold amplifier ora D/A 
converter with an input register will be necessary 


to hold the value while channel zero is addressed 
to obtain the calibration check. Any odd- 
numbered channel address strobes in a calibra- 
tion voltage. Thus, 32 combinations are possible 
in this case. Other voltage combinations could be 
obtained by using different D/A bits or the sign 
bit. O 


System automatically converts 


CRT cathodes 


Julius Csaki 


Several cathode conversion techniques have 
been used in the production of CRT’s with varying 
degrees of success. One such procedure fol- 
lowed a fixed schedule in which the filament 
voltages were taken from approximately 25% of 
hotshot voltage to 100% of it, through several 
discrete voltage steps. The quality of manifold 
vacuum was not considered in the schedule. As a 
result, CRT cathodes were converted at various 
pressures, depending on the amount of outgas- 
sing in individual tubes. Conversion at excessive 
pressures was found to be detrimental to cathode 


life and performance, so a new technique was 
needed. 

This system performs automatic conversion. It 
uses a control signal from the vacuum pump to 
ensure that cathode conversion takes place under 
a much better and nearly constant vacuum. 

The “gain 1’”’ and “gain 2’’ controls select any 
one of several programs according to the filament 
types used in the CRT. (In the following descrip- 
tion, hotshot voltage—E,,—is a reference.) 

At the start of the cycle the system applies 0.25. 
E,; to filaments. Pushing the START switch en- 
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ables the counters to start up-counting. This 
binary count converts to an analog voltage in the 
10-bit DAC. The DAC’s output is then applied to 
the individual drivers that remote-program the 
output power supplies. Remote sensing reduces 
the degradation of regulation that would occur 
due to the voltage drop in the leads between the 
power supplies and the loads. 

As long as the control voltage (which is linearly 
proportional to the vacuum in the system) does 
not exceed the preset limit, the counters will fill 
up in about 4 min., 35 sec. During this time the 
linear voltage ramp reaches E,,. Timer 1 then 
disables the clock and allows E,, to be applied to 
the CRT. When timer 1 times out (approx. 35 
sec), it triggers timer 2 and through the control 
logic sets the counters to 0.75 E,;. This voltage is 
applied to the CRT filaments for 12 minutes. At 
the end of this period, the RTT light comes on, 
indicating that the tube is ready to be tipped off. 
When the tube is sealed, the conversion system 
is shut off by pressing the STOP switch. 

It should quickly be noted, however, that such 
ideal circumstances seldom occur. Due to outgas- 
sing in the CRT during cathode conversion, 
considerable pressure changes are encountered 
in the vacuum pump manifold. To ensure that the 
cathodes are converted while holding a relatively 
constant high vacuum in the CRT, the following 
events are programmed. 

Whenever the control input reaches the trip- 
ping voltage of limit switch 1, the up-count stops, 
holding the previously achieved voltage at the 
CRT filaments. Due to the time lag between the 
pressure change in the CRT and in the vacuum 
pump (feedback point), the pressure may still 
continue to rise until it triggers limit switch 2. 
This, in turn, commands the counters to start 
down-counting, thereby starting a down-ramp of 
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Better and more consistent cathode conversion, and thus bet- 
ter and more reliable CRT’s, are products of this automatic 
system. Careful attention has been paid to the handling of 
potential problem situations. 


voltage at the CRT filaments. 

The vacuum pump now should be able to 
overcome the outgassing action in the tube and 
the control input deactivates limit switch 2 to stop 
the down-count. Further improvement in vacuum 
deactivates limit switch 1, whereby the counters 
start the up-count again. This process is repeated 
until E,, is reached. When a very rapid rate of 
change takes place at the control input, the ‘‘rate 
sensor’ changes states, stopping the up-count 
even before the tripping voltage for limit switch 1 
is reached. , 

Application of this automatic system will hope- 
fully yield more consistent and better cathode 
conversion than that of previously used methods. 
Test results have shown the method to work quite 
well for several different CRT types and on several 
different vacuum systems. The time required for a 
complete conversion cycle may be somewhat 
longer than the fixed schedules previously used, 
but the improved levels of cathode performance 
obtained seem to justify its use. O 


Transient signal analyzer 


has multiple uses’ 


K. P. Roby 


This circuit may be used as a low-cost substitute 
for a storage-type oscilloscope. It is useful for 
studying analog variables in the area of speech 
synthesis, biological signal analysis and destruc- 
tive testing of components. It may also be used to 
Save paper with chart recorders. 

Basically it is a tracking A/D converter whose 
digital output is fed into a 256- x 8-bit shift 
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register. In an alternate mode, the shift register’s 
contents are recirculated into the inputs of a D/A 
converter, and a previously-stored signal seg- 
ment is cycled for evaluation at the D/A output. 
Sample Mode—When the sample/store switch 
lies in the SAMPLE position, the circuit is con- 
figured to allow the MM74C193 up/down 
counters to count according to the up and down 
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Transient signal analysis, time compression and analog simulation can all be accomplished by this circuit. In the SAMPLE mode, 
it’s basically a tracking A/D whose output is fed into a 256- x 8-bit shift register. In the STORE mode, the signal output repeats the 


last 256 digitized samples taken during the SAMPLE mode. 


count-enable inputs. The 256-bit shift registers 
are configured to accept input data. Applied to 
the noninverting input of the LM211 comparator 
is the input signal; the output of the MN316-1 D/A 
converter is applied to the inverting input. 

The comparator’s output controls the up or 
down counting of the up/down counter. It will 
count in the direction that reduces the difference 
of the D/A output and the signal input. Conse- 
quently, the D/A converter tracks the input signal 
as long as the input’s slew rate does not exceed 
5 V/wsec. 

Output of the up/down counter also drives the 
inputs of the 256- x 8-bit shift register. This data is 
clocked into the shift register and represents a 
series of digitized samples of the signal input. 

The clock for the shift register is not synchro- 
nous with the up/down counter clock. Rather, it is 
generated by a separate clock generator based on 


an appropriate sample period. This clock is 
continuously adjustable from about 250 kHz to 
about 4 sec/cycle. Its output is fed to a 12-stage 
ripple counter. The 2° (256) output of the ripple 
counter is used as a reference output, providing 
one transition for each complete rotation of the 
shift register contents. 

A clock rate of 250 kHz would provide a sample 
period of about 1 msec. That is, the shift register 
could store the input signal for a 1-msec interval. 
Storage is allowed for intervals from 1 msec 
minimum to approximately 1000 seconds max. 

Store Mode—When the SAMPLE/STORE switch 
is changed to the STORE position, a reset pulse 
causes the SYNC pulse counter to jump to the 
beginning of the cycle. This, in turn, causes the 
sync transition to appear synchronously with the 
point in time that the switch was placed in the 
store mode. Additionally, the shift registers are 
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placed in the recirculate mode. Thus, no new data 
enters the shift register and the last 256 bits 
‘continue to rotate through it. This provides a 
sequence of 8-bit digital samples to the parallel 
inputs of the up/down counters. Since the load 
inputs are enabled, these eight bits are forced to 
the counter’s outputs and then directly to the 
inputs of the D/A converter. Consequently, in the 
STORE mode, the D/A’s output repeats the 
successive digitized samples of the last 256-bit 
interval during the SAMPLE mode. 

Circuit Uses—The most significant applications 
for this circuit include the following: 

1. Transient Signal Analysis—lIt’s possible to 


capture a segment of a nonrepetitive analog 
signal and then repeat it for use as an oscilloscope 
display for careful examination. 

2. Time Compression—lIt’s possible to record a 
slowly varying analog signal in the SAMPLE mode 
and then increase the clock rate in the STORE 
mode. This allows a legible scope presentation. 

3. Analog Simulation—By setting a fairly long 
sample period and providing a variable dc input 
in the SAMPLE mode, an operator can program a 
single sample period with an arbitrary analog 
signal. At the end of the scan, the circuit is 
switched into the STORE mode and the signal may 
then be played back at any repetition rate. 0 


Automatic calibration for multichannel 
signal conditioning systems 


B. W. Glass 


The block diagram shows a system in which a 
multiplying D/A converter automatically sets (cali- 
brates) the gains of a multichannel data acquisi- 
tion system. Gains of the individual signal- 
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multiplexer to: 

1. Connect the input of a signal conditioning 
am_ ifier to a reference input voltage. 

2 connect the output of the same amplifier to 
the normal reference input of the D/A ladder 
network. 

3. Address a word storage position in the 
random access memory. 

The comparator then compares the D/A output 
with the output reference (Vo REF) and directs the 
up/down counter to select the digital word that 
causes the D/A’s output to be the same as Vo REF. 

Gain for this channel will then be: 

_ Vo REF 
~~ VinREF 

When this condition is reached, the controller 
loads the digital word value into the memory 
position determined by the multiplexer-supplied 
address. It then selects the next amplifier and the 
calibration process is repeated. 

In the operate mode, whenever the multiplexer 
selects a channel, the corresponding gain value is 
read from memory to the D/A and sets the gain 
accordingly. 

If channel gains are required to be individually 
different, this system can be expanded so that 
another D/A is addressed during calibration to 
supply Vo REF. Gain is still set by the above 
equation. © 


Author’s biography 
Robert Jay is the president 
and the founder (5 yrs. 
ago) of Micro Networks 
Corp., in Worcester, MA. 
He received his B.S. in’ | 
engineering at Notre 
Dame and his MBA, with 
distinction, from Harvard 
Business School. Quite , | 
justifiably so, Bob is ex- 7 TONG a 
tremely proud of his company’s new building. 
About this article and the market he serves, Bob 
says, ‘Rapid advances in D/A and A/D technology 
have resulted in converters that are convenient to 
handle while offering improved performance. Yet 
simultaneously prices have declined to levels 
which now open up entire new areas for data 
acquisition control and instrumentation.” 
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Reliability is a thousand 
relays when you heed them. 


These days, buying reliable relays 
isn’t enough. They have to be 
available when you need them. 
And when you need a lot of re- 

lays you want a supplier who 
won’t let you down. You can 
count on GTE Automatic , 
Electric to supply the 
quantities you need, on the ~ 
schedule we promise. __ 
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give you a delivery promise, you 
can count on it without a lot of 
time-consuming expediting, with- 
out ‘“‘check-up calls.” 

Don’t think our record means you 
have to put up with long lead times 
either. We’ll quote you shorter de- 
livery schedules than just about 
anybody. And we’ll make those 
schedules, too. On big orders — or 
little ones. 


Quick off-the-shelf delivery. 


You can get over 200 kinds of relays 
from our stock, whether it’s a little 
correed or a stepping switch with 
400 contacts. So we can promise 
delivery of inventoried items in just 
a few days. Over one-third of our 
orders are “rush” and “off-the- 


shelf.” That means we’re really 
























geared to re- 
spond fast whe 
you need help. 


How can we do it? 


When everything else seems to be 
on allocation, how can GTE Auto- 
matic Electric be improving deliv- 
ery times? Good question. The 
answer is improved manufacturing 
facilities to keep up with our in- 
creasing sales of high-quality re- 
lays. We take full advantage of high 
volume production equipment and 
techniques. And we have long-term 
commitments from our material 
suppliers. The more relays you 
need, the more you need us. 


Delivery programs for special 
occasions, too. 


Our “sample service” gives top pri- 
ority for prototypes or evaluation 
models. We ship custom- 
built samples in as little as 
two weeks. We also havea 
“programmed order 
plan’ for trimming your 
bulging inventories. 
Just give us an annual 
order, and a delivery 
schedule. We produce 
and ship to meet your 
needs. And these delivery 
services are offered at no 
ncrease in price. We don’t 
make you pay extra for 
service you deserve. 


An expensive relay is one 
that’s not there when you 
need it. 


Call one of our regional offices to 
set up a delivery program you can 
trust. You’ll find our prices are 
more than just competitive. 


Northlake, Illinois: 
312-562-7100 Ext. 324 


North Hollywood, California: 
213-766-5203 


Stamford, Connecticut: 
203-329-0981 


Falls Church, Virginia: 
703-533-0636 


GTE Automatic Electric, 
Northlake, Illinois 60164. 
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Designers’ Guide to: 
Switching regulators, Part 1 


By going to a fixed-off-time mode regulator, you can overcome some 
of the design constraints imposed by earlier switching regulators. 


Lloyd Dixon and Raoji Patel, Unitrode Corp. 


If you need high efficiency under all input and 
output conditions and good regulation despite 
large changes in input voltage, you should 
consider the switching regulator. 

Unlike conventional ‘dissipative’ series or 
shunt regulators, where the power-regulating 
transistor operates in a continuous-conduction 
mode, the switching regulator operates by vary- 
ing the ON-OFF duty cycle of the power transistor 
switch. Since you can make the switching fre- 
quency much higher than the line frequency, 
filtering elements can be small, lightweight, low 
in cost and very efficient. You can also drive the 
switching regulator with poorly filtered dc, there- 
by eliminating large and expensive line-frequency 
filtering elements. In fact, in high-power applica- 
tions, 3-phase rectification without filtering of any 
kind is often used to develop the input dc from 
the power line. 

Finally, you can design switching regulators 
with excellent load-transient properties. In a 
good switching regulator, step increases of load 
current cause relatively small instantaneous 
changes in output voltage. And recovery is 
completed in a few hundred microseconds. 


Noise & response-time considerations 


The switching regulator does have dis- 
advantages that preclude its use in some applica- 
tions. The primary power source delivers current 
to the switching regulator in pulses that, for 
efficiency reasons, have short rise and fall times. 
In those applications where a significant series 
impedance appears between the supply and the 
regulator, the rapid changes in current can 
generate considerable noise. This problem can be 
minimized by reducing the series impedance, 
increasing the switching time, or filtering the 
input to the regulator. 

A second problem of the switching regulator, 
compared to the dissipative regulator, is its 
response time to rapid changes in load current. 
The switching regulator will reach a new equilibri- 
um only when the average inductor current 


ee 





reaches its new steady-state value. In order to 
make this time short, you should use low 
inductor values, or design for a large difference 
between the input and output voltage. 


Basic switching-regulator configuration 


The basic switching regulator shown in Fig. 1 
accepts a dc input voltage and regulates a dc 
output voltage, despite variations in E;, and load 
current. Static regulation, dynamic regulation, 
and ripple rejection of this type of regulator 
cannot be as easily optimized as they can ina 
continuous ‘dissipative’ series regulator. How- 
ever, the switching regulator’s efficiency, power 
density (watts output/cubic inch) and economy 
are all markedly superior to the series regu- 
lator—particularly for a high-current one with a 
large input-to-output voltage difference. 


Fig. 1—The transistor switch (Q,) in a switching regulator is 
either in the saturated state or completely nonconducting, 
according to input from the sensing and control circuits. 
Output voltage is regulated by changing the duty cycle of Q, 
which switches ON and OFF at a predetermined frequency. 


These advantages result from the method of 
regulating the output voltage; namely, varying 
the duty cycle of a power-transistor switch. 
Because the switch (Q, in Fig. 1) is always in the 
saturated state when it is conducting, the power 
dissipated in the regulator is much lower than it 
would be in a series regulator for the same input 
and output conditions. Otherwise the switch is 
completely nonconducting, except for a brief 
commutation time between the ON and OFF 
States. 
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or Av..,, whichever is greater. 
NOTE: See boxed material for rigorous analysis and justification. 


Fig. 2—Important switching-regulator waveforms and defining 
equations are shown here. The equations in this figure are 
simplified, which in the worst case will result in a higher 
operating frequency. However, component tolerances will 
cause larger deviations than the use of simplified equations. 


How the switching regulator works 


In our basic regulator, the control circuit causes 
Q, to switch ON and OFF at a predetermined 
frequency. During the time that Q, is ON (toy), 
the input voltage is applied to the input of the LC 
filter, causing current i, to increase. When Q, is 
OFF, the energy stored in the inductor (L) 
maintains current flow to the load, circulating 
through ‘‘catch’’ diode D,. The input of the LC 
filter is now at OV, i, decreases to its original 
value, and the cycle repeats. 

The output voltage will equal the time average 
of the voltage at the input of the LC filter: 


ton 
ES as Ein _ 
1 
where: t = f 
The control circuit senses and regulates E, by 
controlling the duty cycle, a@ = toy/t. If En 


increases, the control circuit will cause a cor- 
responding reduction in the duty cycle (a) so as to 
maintain a constant E,. 


== a 
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Fig. 2 shows some of the important waveforms 
and equations that define the operation of the 
switching regulator power circuit. We have made 
several simplifying assumptions here. The most 
significant ones are to neglect the saturation 
voltage of Q,, the forward drop of D,, and the 
series loss resistance (R,) of the inductor L. The 
effect of these assumptions is discussed in the 
accompanying box. 

The voltage across inductor L (Fig. 2a) equals 
(Ei, —E,) during toy and (—E,) during torr. Under 
equilibrium conditions, when output load current 
I, is constant, the average voltage across L must, 
by definition, equal zero. 

In Fig. 2b we see the current i, through the 
inductor. Under equilibrium output current con- 
ditions, the increase in current during toy (Ai;) 
must equal the decrease in current during torr. 
The average value of i, equals the output current 
2 

Current i, through the capacitor (Fig. 2c) is 
equal to (i, —I,). The average value of i, = 0, and 
Ai, = Ai,. Current i; causes a ripple voltage to 
appear at the output. The output ripple voltage 
(e,) has two components, a capacitive component 
Ve, and a resistive component Vgsr, Caused by the 
equivalent series resistance of the capacitor. 

Fig. 2d shows the capacitive component (v,) of 
the ripple voltage, which is the time integral of 
the capacitor current i,. Note that v, is the integral 
of a triangular wave and is not sinusoidal. Also 
note that v, is in “quadrature” with i,, in the sense 
that v. min. and v. max. occur at times A and B, 
midway in the toy and tore intervals, when i, = 0. 
The total charge AQ, flowing into C, is computed 





Fig. 3—This improved switching regulator, operating in the 
fixed-off-time mode, results in constant output ripple over 
wide ranges of input voltage and load current. 
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Fig. 4—Transient response of the switching regulator (Fig. 3) is 
shown for: (a) E;, from 0 to 25V. (b) I, from 4A to 10A. (c) |, 
from 10A to 4A. 


graphically by finding the area of the triangular 
current waveform between time A and time B 
(Area => 1/2 bh;- AQ = 1/2 «7/2 x Ai/2). The 
peak-to-peak capacitive ripple component Av, = 
AQ/C = Ai,/8 fC. (The factor 8f for a triangular 
current waveform is comparable to 27f for a 
sinusoidal input current.) 

The resistive component Vegsr of the ripple 
voltage (Fig. 2e) simply equals i, x ESR. It is in 
phase with ig. 

In Fig. 2f, the total output ripple voltage, e,, is 
the sum of the waveforms in Figs. 2d and e. Note 
that since v. and Vgsz are in quadrature, the 
greater of these two components dominates. For 
all practical purposes, the peak-to-peak output 
ripple voltage Ae, is equal to either Av. or Avgsr, 
whichever is greater. | 

The magnitude of Vesr in comparison with vy, 
shown in these waveforms is not exaggerated. 
Indeed, when designing a switching regulator to 
operate at frequencies greater than 20 kHz (to 


achieve small size and low cost in the L and C 
filter elements) the ESR of the capacitor usually 
dominates completely. Even when high-quality 
capacitors (low ESR) are employed, you usually 
have to use a larger capacitance value than would 
otherwise be required. This is in order to realize 
the ESR necessary to achieve the ripple objective 
of the design. 


Overcoming Af due to ESR 


With conventional free-running switching 
regulator control circuits, capacitor ESR also 
causes very significant departure from the design 
frequency. This can result in large ripple magni- 


tude, inductor saturation and switching transistor | 


failure. In the following circuits, the frequency- 
variation effect caused by ESR is effectively 
eliminated, leaving only the ripple consideration. 
In addition, the following parametric relation- 


ships and circuit characteristics are easily and — 


economically attained: 

« The switching frequency can be selected and 
established at the optimum value for the 
switching components. This frequency will be 
independent of the value of the output capac- 
itor’s ESR. 

¢ The value of tore is held relatively constant over 
wide ranges of load current and input voltage, 
and is independent of the output capacitor’s 
ESR. Constant torr results in constant ripple 
current and output ripple voltage. 


« Settable overcurrent limiting is provided, there-. 


by protecting both the load and the switching 
transistors under all conditions. It prevents 
saturation of the power inductor during the 
startup transient period, minimizing startup 
overshoot. 
¢ The overcurrent limiting circuit provides 
significantly lower power dissipation than con- 
ventional current-limit feedback arrangements. 
¢ The drive current to the power output (switch) 
stage is regulated to a predetermined value for 
best efficiency and optimum switching speed. 
Drive current automatically increases at low 
temperatures and decreases at high tempera- 
tures, thereby maintaining optimum drive con- 
ditions for the power switch. 
Note that although the use of this circuit ap- 
proach permits essentially constant torr opera- 
tion, even with capacitors having relatively high 
ESR, the output ripple voltage is increased by high 
ESR. (If the ripple developed across the ESR is 
significantly larger than that developed across C, 
then the ripple is essentially proportional to ESR.) 
Not all of the following circuits possess all of 
the virtues listed above, but the exceptions will 
be noted. Fig. 3 typifies this family of regulators. 
Here, we’ve implemented it with the popular 
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LM305 regulator IC and a Unitrode Series PIC600 
hybrid power switch. The latter consists of a 
quasi-Darlington switching transistor, a_fast- 
recovery catch diode and switch bias resistors, all 
matched for optimum efficiency and switching 
speed (up to 100 kHz without derating). This 
configuration is a positive output regulator, with 
performance characteristics as follows: 


Ei, = 20 to 40V 


E, = + 1% 

Ae, = 100 mV p-p (2% p-p ripple) 
l, =2to10A 

I = 12A 


Regulation vs. E,, (20 to 40V)<25 mV 

Transient recovery time for step change in 
load current from 2A to 10A, or 10A to 2A 
< 150 psec. 

f = 50 kHz nominal 

Efficiency > 70% 


Circuit operation 

This circuit operates in the fixed-off-time 
mode; hence, output ripple is independent of 
input voltage over wide ranges. Two feedback 
signal paths are provided: 

For dc feedback, a fraction of ‘ie dc output 
voltage is fed back to the inverting input of the 
LM305 through voltage divider R,, Rs. The dc 
voltage at the inverting input is compared to a 
reference voltage (approximately 1.8V) within the 
LM305. The LM305 regulates E, in such a way that 
the voltage returned to the inverting input is 
essentially equal to the built-in reference voltage. 
The R,, R, divider ratio therefore establishes the 





Fig. 5—Negative-output switching regulator is similar in 
operation to the circuit of Fig. 3 except that current limiting is 
achieved by reducing the reference voltage to ground instead 
of turning off the base drive to the power-output switch. 
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Fig. 6—A \:A723 can also be used to achieve a positive- voltage 
switching regulator. 


level of the dc output voltage, E>. Resistor R; 
improves output-voltage regulation vs. input- 
voltage changes by feeding a small compensating 
voltage, proportional to the input voltage, into 
the inverting input of the LM305. 

For ac feedback, capacitor C, returns an ac 
voltage waveform to the inverting input of the 
LM305. This voltage is proportional to the ac 
voltage, Vp,, developed across R, plus the output 
ripple voltage, Ae,. Capacitor C, feeds back an ac 
voltage to the noninverting input of the LM305. 
This voltage is proportional to the ac voltage Vz; 
across R; plus the output ripple voltage, Ae. 

When the circuit values are properly estab- 
lished, the same fraction of Ae, is fed back to both 
inverting and noninverting inputs, thereby effec- 
tively cancelling. The operation of the switching 
regulator is thus rendered independent of the 
output ripple voltage developed across the C or 
ESR of the output capacitor. 

Since the Ae, components cancel each other, 
the LM305 essentially compares Avr, at the 
inverting input to Avr, at the noninverting input. 
Voltage Avg, is a rectangular waveform with p-p 
amplitude equal to larive X R3, where lave is the 
base drive to the hybrid switching transistor 
provided by the LM305. Avg, is a triangular 
waveform with p-p amplitude equal to Ai, X R,, 
where A, is the ripple current through inductor L. 
When the drive current is on, Avr, is at its peak 
positive amplitude. As i, increases, vp, increases 
proportionately. When the positive amplitude of 
Avr, reaches Av,z,, this causes the LM305 to switch 
off the drive current. Then Avg, immediately 
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Fig. 7—High-voltage positive switching regulator uses an 18V 
zener in series with a 3.9k resistor to power the IC regulator. 
Transistor Q, provides base drive to the power switch and also 
isolates the LM305 output from the switch. 


drops to it’s peak negative amplitude and i, starts 
to fall. When Avp, reaches a negative amplitude 
equal to Avp,, the LM305 switches the drive 
current back on, and the process repeats. In this 
manner, the LM305 controls the power switch so 
that Ai, is fixed. Since torr = Ai, <X L/E,—with fixed 
values of L and E,—torr is fixed and independent 
of changes in E,, or capacitor C or ESR values. 

R,, connected between pins one and eight of 
the LM305, establishes the desired level of base 
drive for the PIC600 Series hybrid power switch. It 
determines the hysteresis voltage across R3. 

Current-limiting action is provided by transistor 
Q,, whose collector is connected to the “gate” or 
“inhibit” terminal of the LM305 (pin seven). 
When the load current is normal, Q, is cut off and 
pin seven floats. But when the voltage drop 
across R, increases to a value greater than the sum 
of Ver (Q,) and vp,, Q; turns ON. Thus it cuts off 
the drive current from the LM305 and, ultimately, 
the power switch. This cutoff action latches 
because Vr, disappears with the drive cut off. This 
keeps Q, on until the current through R, drops 
significantly—enough to make the voltage drop 
across R, fall below the Vpz of Q,. 

The current through R,, following such an 
overload cutoff action, falls linearly at the rate of 
E,/L. When Q, is cut off, drive current is restored. 
The circuit will then continue to switch on and off 
at a frequency comparable to normal operation, 
with the average current limited at the design 
limit, and power dissipation held to safe values. 


You will usually have to employ a noise filtering 
capacitor across the input of any switching 
regulator. This functions to prevent the steep 
waveform of the rectangular current pulse as- 
sociated with the power switch turning on and 
off, from propagating into the E;, supply line. The 
capacitance value required is a function of the 
impedance characteristics of the E;, supply and 
the connecting wiring. Watch out for un- 
derdamped resonance with the inductance of the 
input wiring, or transient-induced ringing may 
occur. The input capacitor must have short leads, 
and the ground side should preferably be con- 
nected directly to the ground side of the output 
filter capacitor. 

A 10A_ negative-voltage switching regulator 
utilizing an LM304 and PIC600 series is shown in 
Fig. 5. Resistors R, and R, determine the reference 
voltage. The error amplifier controls the output 
voltage at twice the voltage across R,. Diode D, 
ensures a potential difference of 2V at the 
uregulated input (pin five) with respect to the 
reference supply (pin three). (If the unregulated 
supply terminal goes more than 2V positive with 
respect to the reference supply, the collector 
isolation junction of transistor Q, becomes 
forward-biased and disrupts the reference.) 

Current limiting is achieved by reducing the 
reference voltage to ground with the help of Q, 
and Rg, (Fig. 5), instead of turning off the base 
drive to the power output switch as in Fig. 3. 
Aside from that, the functions of the rest of the 
components and the operation of the switching 
regulator are the same as described for Fig. 3. 


ee ssi 
ps ee i is 






Fig. 8—The high-voltage negative switching supply also 
requires a zener to reduce the supply voltage to an acceptable 
level for the LM304. Base drive and voltage isolation are 
provided by Qs, Ry and Rj:. 
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Effects of simplified equations 


The simplified equations used in this article 
neglect the effect of ‘catch’ diode forward 
drop, V;, transistor saturation voltage, V,.,,, and 
the IR drops in the inductor and current 
sensing resistor, |, Rx. If a design is imple- 
mented using the values of L, C, ESR, and Ai 
derived from the simplified equations, then 
ton, torr, f and Ae, will differ from the design 
values because of the effect of the simplifying 
assumptions (Fig. 2b): 





Simplified: 
| (E., - b) t N (1) 
Al, — 2 ener 
Exact: 
Ai = (f, ~ & —Vsat7loRx)ton, (2) 
= fond tack 
L 
Simplified: 
Et 3 
Ai, — = ( ) 
Exact: 
A= (Ep + Vp + [oRx) torr (4) 
= 


L 
Note that Ai, is fixed because the circuit 


controls this value directly. Instead of the 
original design values of toy and torr, actual 
values tox’and tore’ will be observed. Since Ai, 
is fixed, we can equate Eqs. 1 to 2 and 3 to 4: 








fon (Ein — E,) 

fox (Ein bo Vin UR 
and 

torr = E 





0 
lorr Eo t Vp * IoRx 
Although the actual torp’ is less than the 
assumed torr, ton’ is greater than the assumed 
tox. Thus their net effect on the operating 
frequency is reduced. In the worst case, when 


E, is small (5V) and E;, is high (50V), the actual © 


frequency will be 25% higher than the original 
assumed frequency. This will result in a very 
slight drop in efficiency. Output ripple com- 
ponent Av, will be smaller because of the 
higher frequency. Avegsg will not change be- 
cause Ai, is fixed. Component tolerances 
usually result in larger deviations than those 
caused by the use of the simplified equations. 

The only other assumpiion that could have 
possible significance is that the transistor 
switching times are negligible at the highest 
frequency of operation. The validity of the 
assumption is normally assured by selecting 
appropriate devices. This also applies to the 
speed of the control circuit. If delay time 
through the control circuit in addition to 
transistor turn-on and turn-off times is signifi- 
cant with respect to the total period t+, the 
consequent delay in turning the power circuit 
ON and OFF will cause a proportional increase 
in Ai, and Ae,, and a proportional decrease in 
frequency. 


Efficiency calculations 


The efficiency of a switching regulator de- 
pends upon the factors given in the following 
equations: 

Poa 
Pin 
= E, X Io 
Note that each factor’s worst case does not 
necessarily occur under the same conditions. 
1. DC Losses—Transistor. (Worst case when 
Ein is lowest because toy is largest.) 


x 100% 





Efficiency = 


ton 
Pr = Vee... ~ |e * Pe 
tr. € 
where: — = = 


2. DC Losses—Diode. (Worst case when E,, is 
highest.) 


t 
Py = Ve X lx — 
t E 
where: 731 
in 


3. Switching Losses—Transistor. (Worst case 
when E,, is high; tg + t, do not contribute 
to power losses.) 


t+ & 
Pr = Ein x le 3. 
where: t, = ty + ty 
fet, & 


4. Switching Losses—Diode. This is a very 
complex calculation unless diode recovery 
time is much smaller than the transistor 
rise time. This is because the diode will 
short-circuit the power supply prior to 
turn-off. Thus it affects the transistor 

dissipation, possibly causing second 
breakdown, and generates intolerable EMI. 
By using a diode whose recovery time is not 
more than half the transistor rise time, all 
these problems become negligible. 

5. DC Losses—Inductor. (AC loses are neg- 
ligible when Ai, is small compared to |,.) 

P= xR 
where: R, is equal to effective series 
resistance of inductor. 

6. DC Losses—Current Sense Resistor. (AC 
losses negligible when Ai, is small com- 


pared to |,.) 
P= xk 
7. AC Losses—Capacitor. (Usually negligible.) 
Ai- 
D. = > x ESR 
8. Control Circuit Losses. (Base drive to 


switching transistor is dominant, but usual- 
ly negligible.) 
Po = Ein X i, % ton — Fe X lb 
T 


E 
where; 208 = 52. 
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Fig. 6 shows a positive switching regulator 
using a pA723. The basic performance and circuit 
operation also is similar to Fig. 3. 

The circuit shown in Fig. 7 is a high-voltage 
positive switching regulator. Because the LM305 
(like most IC regulators) cannot be operated at 
supply voltage in excess of 40V, this circuit uses a 
fraction of E;, as a power supply for the IC circuit. 
This is done with a zener diode and the current 
limiting resistor Rg. Transistor Q, provides both 
the regulated base drive to the power switch and 
the necessary voltage isolation between LM305 
and the switch. 

The circuit of Fig. 8 is similar to the low-voltage 
negative switching regulator with a minor modifi- 
cation. Transistor Q, and resistors R, and R,, are 
all used to provide regulated base drive to the 
power output stage as well as to furnish the 
voltage isolation between power output stage and 
LM304. Resistor Rg limits the current through the 
zener diode under steady-state and startup 
conditions. O 


Part 2, discussing power-circuit design considera- 
tions, will appear in the Nov. 5, 1974 issue. 
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nations for custom planning. STURDILITE SYSTEMS 
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Beckman Displays 
are finding their 
way into hundreds 
of new designs. A 
major appliance 

- manufacturer has 
incorporated Beck- 
man Displays in the 
control panel of an 
advanced new 
range and oven. 

Two major brands of television sets use Beckman Displays in 

their tuners for channel call-outs. And, of course, Beckman 

Displays have been selected for a wide variety of technical 

instruments. 
There are many reasons why Beckman Displays are chosen 
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Displays 


for these applications. First, of course, is the appearance of 
the displays — they look better. Crisp, clear, unbroken num- 
erals that are easy to read. A neon orange color (red is 
available with filters) that’s pleasing to the eye and bright 
enough (210 foot lamberts) to be read even in direct sunlight. 

Add to this the low cost (less than $1 per digit in large O0EM 
quantities), the ease of application, the reliability, and you 
have the ideal display for today’s appliance designs. See for 
yourself. Compare Beckman 1/3” and 1/2” Displays side-by- 
side with LED’s or any other display. You'll choose Beckman 
because they look better, are better. 

For the telephone number of your Beckman/Helipot sales 
office, or the name of your Beckman stocking distributor, call 
toll free (800) 437-4677. Or write, Beckman Instruments Inc., 
Information Displays Operations, P.O. Box 3579, Scottsdale, 


Arizona 85257. 


HELIPOT DIVISION 


INFORMATION DISPLAYS OPERATIONS 
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HP pulser Solutions for 


Before you choose your next pulse generator, look 
into THE broad line...from HP. We’ll give you 
a choice of several instruments for your particular logic 
family ... whether it’s high-speed bipolar, MOS, 
high threshold, or general-purpose bipolar logic. 

Need to test above 200 MHz? Our newest pulser 
gives you a rep rate to 250 MHz for testing high- 
speed bipolar logic at operational frequency limits. 
And its UNMATCHED variable transition time 
down to | nsec lets you meet manufacturers’ condi- 
tions for propagation-delay tests ...or degrade 
transition times for worst-case testing. 


{CSS .. 
testing. 
Maybe you need high output levels for 
MOS. We have instruments with outputs up to 16V 
(30V swing on dual outputs) and rep rates to 50 
MHz for the most advanced MOS circuits. Other units 
handle lower rep rates with outputs to 100V. 
LIL?],..—HIL? We offer a variety of 
instruments with single or dual outputs, selectable 


.or degrade transition times for worst-case 


output impedance levels, fixed or variable transition 


times and pulse-burst options. 
We even have a plug-in series that lets you 


put together your own logic-testing system to include 
programming, word generation, pseudorandom 
sequences, multiphase clock generation, 

and more. 

In this family, there’s a pulse generator to 
satisfy your particular testing requirements. And you’ ll 
find human-engineered instruments to simplify 
your setups and reduce testing errors. 

So if you’re thinking digital testing, 
find out what HP has to offer. Give your local HP 
field sales engineer a call today. Or, write for a free 
copy of our new pulse generator brochure. 
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LET US SHOW YOU — IN PERSON — WHY TEC-LITE 
INDICATING DEVICES ARE THE BEST, MOST 
RELIABLE UNITS THAT YOU CAN BUY! 


CALL FOR AN IN-PLANT APPOINTMENT 


TEC-LITE... YOUR COMPLETE SOURCE FOR SWITCHES, INDICATORS, 
READOUTS AND INFORMATION DISPLAY/CONTROL DEVICES 


TEC: 9800 N. ORACLE RD./TUCSON, AZ. 85704 U.S.A./(602) 297-1111 
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CMOS counter circuitry slashes 
battery power requirements 


Every milliampere of battery drain counts in portable instruments 
so the savings made possible by CMOS warrant a close look. 


J 


Don Aldridge, Motorola 


Designed with low-powered logic, this 5-MHz Both performance-optimized and power- 
counter makes small demands on its batteries, yet minimized counter versions are described, along 
provides good performance. To further conserve with input signal conditioning and display mul- 
power, its LED display blanks out when there is __ tiplexing. In either design, the power required by 
no input signal to the counter. the digital logic is in the order of mW, with most 
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COUNTER LATCHES, DECODERS, DISPLAYS 
Fig. 1—Basic 5-MHz counter for 12V operation, showing all functional sections except the front end. 
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of the total drain attributable to the digital 
readout. 


Performance-optimized (5-MHz) version 

Ignoring input signal conditioning for the 
moment, Fig. 1 shows the counter’s basic con- 
figuration. It is designed for 12V operation, and 
for use with a 10-MHz linear front end (designed 
for maximum frequency response and sensitivi- 
ty). Four major sections will be discussed sepa- 
rately: the crystal oscillator and time base; the 
counter, latches, decoders and displays; the 
control functions and the front end. 

Crystal oscillator and time base. Time-base 


circuitry determines the duration of the enable 


time. Its reference frequency is obtained from a 
1-MHz crystal oscillator which uses a CMOS gate, 
G,, with a crystal for the feedback element. Gate 
G, serves as a-buffer for the 1-MHz oscillator. 
Provisions have been made for using an external 
reference frequency, which must have a 0-10V 
swing to drive the time-base counters. This may 
be used when a more stable reference oscillator is 
desired. 

The time base divides the 1-MHz oscillator 
frequency down to the desired enable time by 
using MC14518 dual decade counters. Three and 
a half dual counters, connected in a ripple- 
through mode, are used to provide a maximum 
enable period of 10 sec. Counter operation of this 
sort has the advantage of simplicity, but the 
_ disadvantage of a time delay from the input of the 
first counter to the output of the last one. The 
control section of the counter provides compen- 
sation for this time delay. The compensation is 
discussed in the control section. 

Counters, latches, decoders and displays. As in 
time-base circuits, the actual counting of the 
input signal employs MC14518 dual BCD coun- 
ters. Although the CMOS logic family is capable 
of operation over a wide voltage range, the 
highest frequency operation is obtained at the 
higher supply voltages. For that reason, an 
operating voltage of 12V was chosen. At 10V the 
CMOS MC14518’s have a minimum toggle fre- 
quency of 2.5 MHz (typical value is 6 MHz). Also 
12V is a convenient value for portable operation. 
The series of eight BCD counters (four dual 
counters) employs the ripple mode of operation. 

The latches and BCD-to-7-segment decoders 
are constructed with MC14511’s. These CMOS 
parts contain latches with a strobe control and the 
decoder for a 7-segment display, along with a 
blanking-control pin for turning the displays off. 
Power drain can be conserved by using the 
blanking to turn the displays off when there is no 
input signal. One half of dual BCD counter C, and 
the flip-flop made from 2-input NAND gates G,, 


66 


through G,; performs this turnoff. If four counter 
(control) reset pulses are received on the BCD 
counter with no input signal, the displays are 
blanked out, conserving power. If there is an 
input signal, C, is constantly reset by Q, of the 
first MC14518 counter, keeping the displays in the 
ON state. 

Multiplexing of the displays, which will be 
discussed later, results in a slightly lower cost and 
lower power dissipation. However, it increases 
package count and circuit complexity. 

This section (counters, latches, decoders and 
displays) has three control inputs. The first is the 
enable line, which turns the first counter on and 
off for the precise enable time period. The 
second, the strobe line, transfers the count into 
the memory of the MC14511 latch decoder. The 
control line resets the MC14518 decade counters 
to ready them for the next count cycle. 

Monsanto MAN-4 LED displays were chosen for 
this counter because of their wide acceptance 
and their compatibility with the MC14511 7- 





Fig. 2—Timing diagram for the basic counter of Fig. 1. 


Control. The control section processes the 
precise timing signals from the time base to 
provide the enable period, strobe pulse and reset 
pulse to the “counter, latch, decoder” section. A 
5-usec pulse from the low-frequency oscillator 
and one-shot in the control section starts the 
counting cycle. Gates G; and G, make up the 
low-frequency oscillator and gates G; and G, 
make up the one-shot. The 5-ysec pulse occurs at 
intervals from 0.1 to 10 sec, depending upon the 
setting of pot Ry. 

If the counting cycle was run at the minimum 
enable time, the count would be updated into the 
latches at this cycle time. In the case of a 10-ysec 
time base, the count would be updated at a 
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100-kHz rate. Any instability in the input wave- 
form would cause the last few digits of the display 
to change at the 100-kHz rate—which would 
result in an unreadable flickering of the display. 
Therefore, the count cycle is operated at a much 
slower rate, in this case the previously-mentioned 
0.1- to 10-sec rate. 

Once through lightly. The sequence starts with 
a 5-ysec pulse from the low-frequency oscillator 
and one-shot. This pulse toggles Q of FF, low, 
removing the reset from the time-base counters 
and permitting them to divide down the 1-MHz 
clock. Fig. 2 shows a timing diagram of the 
resulting sequence. The enable input of the 
selected timebase counter and three of its 
outputs, Q, through Q,, are shown. By “ANDing’”’ 
Q, and Q, together, two pulses with starting 
edges equal to the desired time base are formed. 
The gate delays through the time base are equal 
for both pulses, thus compensating for the 
delays. These pulses are applied to the input of 
FF; which is one half of a MC14013 D flip-flop. 

In FF, wired as a toggle flip-flop, the first pulse 
sets the Q output HIGH and the second pulse 
resets it LOW. The three NAND gates G,, Gg, Gy 
decode the Q, Xx Q, signal from the desired 
timebase counter. The MC14512 selects this 
counter—or a 2-pole, 6-position switch may be 
used. These 8-channel data selectors choose one 
of eight channels of information via 3-bit binary 
control lines. 

Flip-flop FF, insures that the edges of the 
enable pulse occur exactly coincident with the 
1-MHz clock pulses. The delays through the time 
base and data selector are constant for both 
turn-on and turn-off pulses. Hence they cancel 
and the waveform appearing at the Q output of 
FF, is a precisely controlled time period. This time 
period is the enable or gating time. | 

Operations that remain to be performed during 
the counting sequence are the strobe pulse, 
counter-reset pulse and control-system reset 
pulse. These are derived with the MC14017 
Johnson counter C,, flip-flop FF, and associated 
gates. Until the end of the enable pulse, the 
Johnson counter is disabled through either the 
clock line or the reset line. At the end of the 
enable pulse, the Johnson counter is enabled and 
begins to count the 1-MHz clock frequency. Of 
the 10 outputs of the counter, Q; goes high for 1 
wsec after the sixth clock pulse. This is used as the 
strobe pulse. After the eighth clock pulse, Q,; 
goes high and the counters are reset. The tenth 
clock pulse resets the control system, via FF, and 
FF,. Now the control system awaits another pulse 
from either the low-frequency oscillator and 
one-shot or an external pulse generator (which 
could synchronize the counting cycle with some 


external event). 

10-MHz linear front end. The input signal for 
the basic frequency counter must swing from a 
logic ZERO (OV) to a logic ONE (about 10V). 
Therefore a functional block is needed to trans- 
late from any input waveform shape and wave- 
form level to a signal capable of toggling the 
CMOS counters. Also the input to this block 
should have a high impedance to prevent disturb- 
ing the input wave form when making the 
frequency measurement. This block will contain a 
high-impedance buffer, with or without amplifi- 
cation, connected with a Schmitt trigger for 
waveform shaping. Also the input should be 
protected from very large signals. 

For this version the front-end design shown in 
Fig. 3 was chosen. It consists of a FET and bipolar 
buffer, followed by a Schmitt trigger made from 
an MC75108 dual line receiver. This front end will 
operate up to 10 MHz with a 25-mV input signal. 

The MC75108 line receiver operates from a +6V 





Fig. 3—Performance optimized, this 10-MHz linear front end 
provides best frequency response and sensitivity. 


power supply but can be biased up to operate 
from a single +12V supply. In addition to both 
positive and negative power supplies, the line 
receiver requires a ground connection at the 
midpoint of the supply voltages. The data sheet of 
the MC75108 indicates a typical positive supply 
current of 18 mA and a negative supply current of 
—8.4 mA. Thus the ground pin returns about 10 
mA to the positive supply. For single-supply 
operation, the positive supply pin is connected to 
the +12V supply while the negative one is 
connected to the counter ground. The ground 
pin on the line receiver must then be returned to 
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a 6V reference capable of sinking up to a 
maximum of 15 mA. PNP transistor Q, and 
resistors R, and R, serve as a simple voltage 
regulator for the 6V reference. 

N-channel JFET, Q,, and pnp bipolar, Q,, 
comprise a unity-gain high-impedance buffer for 
the line receiver. Potentiometer R; adjusts the 
buffer output voltage to equal that of the 6V 
reference for maximum sensitivity. 

Under normal operation with a split supply, the 
output of the MC75108 swings from zero to the 
positive supply voltage. Since the line receiver is 
biased up by 6V, the output swing is now from 6 
to 12V. This swing must be translated to voltage 
levels compatible with CMOS operating at +12V. 
Translation is done with the 7.5V zener, D,, and 
transistor Q, When the output of the line 
receiver is at 6V, both the zener and Q, are OFF. 
When the output of the line receiver is in the 
HIGH state, D,; conducts and Q, turns ON. The 


output voltage swings from cutoff to saturation of © 


Q, (about 0.5 to 12V). 
MC75108 is a dual line receiver. Its power 
consumption is constant whether or not both line 


receivers are used. The two receivers can provide 


two separate input channels with a switch to 
select between them, or they can be so con- 
nected to the basic counter that they switch on 
and off alternating with each count cycle. Thus 
the first count cycle would look at channel ‘‘A,”’ 
the second count cycle at channel ‘B.”’ 


Power-minimized (1-MHz) version 
Although the counter already described was 
quite reasonable in its power demands, it was 
optimized for maximum performance. 
For many applications, power-dissipation con- 


. COUNTER “MAXIMUM “MINIMUM 
_. TYPE PERFORMANCE” POWER” 





Table 1—Performance data on the two counter versions. 
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siderations are of top importance, and decreasing 
power consumption to the lowest practical 
amount may more than justify some sacrifice of 
frequency response and sensitivity. 

Any power-consumption optimization of the 
frequency counter should first involve an analysis 
of where the major portions of the power are 
consumed. Table 1 shows performance com- 
parisons between the high-performance counter 
previously discussed and the low-power counter 
that follows. 

Because the largest portion of the counter’s 
power consumption is by its digital displays, the 
obvious way to reduce consumption would be to 
choose the lowest power display type and then 
optimize for it. Such an approach will not be 
pursued further in this article. However, we will 
discuss ways to conserve power when using a LED 
display. 

Multiplexing saves power. In the basic per- 
formance-optimized counter previously dis- 
cussed, the MAN-4 displays were operated at 
4mA/segment. While this drive produces a bright 
and easily read display, it takes a great deal of 
power. 

Fig. 4 shows a technique which operates the 
displays at a lower power level by multiplexing a 
single decoder driver between all of them. 
Multiplexing of a digital display is a technique of 
time-sharing the circuit components. It allows the 
eye to integrate the readout over the total time 
period which makes the display appear continu- 
ous. Multiplexing reduces the overall cost of the 
counter while increasing the complexity of de- 
sign. With it the displays are operated at a peak 
current of 20 mA, but at a duty cycle of only 
12.5%, which results in reduced power consump- 
tion. Also, the counter is operated from a 6V 
supply, which reduces total consumption. 

Four MC14021 8-bit shift registers implement 
the multiplexing. These shift registers have both 
parallel and serial inputs, and not only permit a 
unique way of multiplexing, but also provide 
latches needed to store the count from the 
MC14518 counter chain. BCD outputs of the 
MC14518 counter chain are connected to the 
parallel inputs of the shift register. The least 
significant BCD bit of each of the eight counters is 
connected to each of the eight inputs of the first 
shift register. The next most significant bits of the 
eight counters are connected to the eight inputs 
of the next shift register. Thus, the eight 4-bit 
BCD words require four 8-bit shift registers. The 
eighth output of each shift register is connected 
to the series input of the same register, making 
the digital word in the shift register shift around 
in a loop from the first bit through to the last bit. 

When a logic ONE is applied to the parallel/ 
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Fig. 4—Multiplexing with a single decoder driver adds complexity but saves power. 


series control line of the shift registers, digital 
information on the parallel inputs is loaded into 


the register. The control signal is the strobe pulse - 


from the counter control section. Then, after the 
register returns to series operation, the digital 
word is shifted around through the registers, with 
each of the eight bits of information appearing at 
the inputs to the single 7-segment decoder. An 
MC14022 octal counter/divider keeps track of 
which counter digit is being applied to the 
7-segment decoder input. An oscillator con- 
structed from gates G, and G, provides the clock 
signal for both digit selection and the shift 
register. This oscillator controls the multiplex 
frequency, and the values shown result in a 
frequency of about 1 kHz. The outputs of the 
MC14022 digit selector are buffered through the 
MC75491 LED drivers and fed to the MAN-4 
display cathodes. The anodes of the MAN-4’s are 
driven directly from the MC14511 BCD-to-7- 
segment decoder. 

This multiplexing results in an overall reduction 
in both power consumption and system cost. 
However, it increases system complexity and 


somewhat decreases the display brightness. 
Low-power 2-MHz front end. Another area with 
possibilities for reducing power dissipation is the 
signal conditioning or front end section. The 
front end previously described was optimized for 
maximum performance from the CMOS count- 
ers, aS opposed to optimizing for absolute 
minimum power dissipation. The “performance” 
design not only draws about 25 mA from the 12V 
supply, but this current is constant whether an 





Fig. 5—Power-miser 2-MHz CMOS front end draws current 
proportional to the input frequency. 
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input signal is present or not. 

Fig. 5 details a low-power front end circuit for 
the counter. This design both reduces the power 
consumption and makes it proportional to the 
input frequency. With no input signal to the front 
end, current drain is only a few pA. Half of a 
MC14583 CMOS Schmitt trigger forms the pow- 
er-economy front end. It operates from the single 
6V power supply used in the low-power counter. 
A single resistor, R,, sets the threshold voltages 
from both the HIGH and LOW logic states. Also 
the same overvoltage protection network used 
with the high-performance front end is employed 
in front of the MC14583 Schmitt trigger. 

Reduced power consumption has its price—a 
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Fig. 6—Counter input sensitivity with the CMOS front end (a), 
and the high-performance one (b). 


sacrifice in overall performance. It decreases both 
the input sensitivity and the upper frequency 
limit. When using the CMOS front end, the upper 
frequency limit is about 3 MHz and input 
sensitivity is 400 mV. However, the front end’s 
overall power consumption is considerably re- 
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duced. Fig. 6 shows sensitivity vs. input- 
frequency curves for both the low-power and 
high-performance versions of the counter. Table 
1 compares details of their power consumption. 

Battery choice. Using the Table 1 information, a 
battery can be selected that will provide the 
desired compromise between operating life and 
battery size. It may be a throwaway nonrecharge- 
able unit or one of the many types of recharge- 
ables. In the case of rechargeable batteries, the 
method of charging depends on the type of 
battery. It may be as simple as a transformer, 
rectifier and current-limiting resistor or a very 
complex unit with discharge indicators, timing 
circuitry or automatic recharge circuitry. The 
manufacturer of the selected battery should be 
consulted as to the proper method of charging. 
Also, Motorola application note AN447 offers 
information dealing with Ni-Cad battery charging. 

For the lab prototype counters we've de- 
scribed, the Globe Battery Co.’s GC1245 and 
GC626 batteries were chosen for the 12 and 6V 
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Fig. 7—The basic elements of an electronic frequency counter. 
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models, respectively. The 12V one has a rating of 
4.5 Ahr, that will provide about 17 hours of 
continuous operation with the high-performance 
counter. Similarly, the 6V unit’s 2.6 Ahr capacity 
will allow approximately 32 hours of continuous 
Operation from the power-minimized model. 
Weight of the 6V battery is only about a third that 
of the 12V one, thus allowing a reduction of the 
overall package weight and bulk. 


What can we conclude? 


First that using CMOS permits very low-power 
operation in frequency counters. Second, that 
attention to the display power can be very 
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rewarding, for when CMOS logic has been used, 
the lion’s share of total power is consumed by the 
display.O 


What Is a frequency counter? 


A frequency counter’s basic function is to 
count the number of events/unit time. In the 
case of electronic frequency counters, these 
events are transitions between two voltage 
levels. The actual counting operation takes 
place during a precise time period called the 
“gate” or “enable period.” A crystal oscil- 
lator plus a series of decade dividers usually 
generates this time period. The number of 
decade dividers selected determines the 
enable time. 

Transitions of the input voltage from one 
logic state to the other are counted by a 
series of decade counters. The number of 
times the counters have been toggled dur- 
ing the enable time, then, equals the 
frequency of the input signal. 

The counting sequence consists of three 
steps: enable or gating time, strobing the 
count into latches and resetting of counters. 
Fig. 7 shows a block diagram of a basic 
frequency counter. 

Operating sequence is started with the 
enable pulse, which allows the counters to 
count. At the end of the enable pulse, the 
counter output is strobed or transferred into 
the latches and displayed on the digital 
readouts. Afterward, the counters are reset 
and the cycle repeats. While the counters 
are reset and the sequence repeated, the 
latches hold the count information. 
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Designers’ Guide to: 
Active Filters, Part 3 


Don’t forget the lowpass prototype developed in Part 2. It’s vital 
to the transformation techniques discussed in this installment. 


Marvin Patterson, Hewlett Packard Co. 


In Part 2, we discussed the derivations required to 
implement lowpass filters. You could go through the 
derivations again for the highpass or bandpass cases 
if you wanted to. However, you can achieve the 
same end by taking the results obtained for the 
lowpass filter, and simply transforming them to 
fulfill your requirement. 

It is, in fact, a standard filter design approach to 
initially find the lowpass prototype. We found the 
prototype when we developed Eq. 38 in Part 2. This 


approach is taken because it is much simpler to use 
the lowpass case to optimize everything. Having 
the lowpass prototype in hand, it is easy 
to transform variables and to realize any 
highpass, bandpass or lowpass transfer function 
desired. An example will best serve to illustrate the 
transformation techniques. 


Lowpass to highpass the easy way 
The lowpass prototype, Eq. 38, can be transformed 








Fig. 12—Poles of highpass transformation will be the inverse of those of the lowpass prototype. 
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to a highpass prototype by letting: 


1 
4 (42) 

‘ p 
where p’ is the normalized complex frequency 
variable for the highpass prototype. Substituting 
this relationship into Eq. 38, and multiplying the 
resulting numerator and denominator by (p’)" gives: 


A(p') = P 7 

PoPiP1 + = + PmPm (p)? 
(1 + pop’)(1 + pyp'(1. +p; p’)... (1 +p” p’) 
Returning the denominator to standard form, and 


cancelling common factors, yields the final form of 
the highpass prototype. 


A(p’) = 


(43) 


(p’)" 


(p' + 5,)(P" +,)(e" +r) --- (p' +) 
Po Pi D; Pin 


Under steady-state sinusoidal conditions, p = jx, 
p’ = jx’, and x’ = 1/x. Inspection of Eq. 44 verifies 
that a highpass function has resulted from the trans- 
formation. As p’ starts positive from +j0 (correspond- 
ing to p = —jx), A(jx’) is equal to zero. As p’ ap- 
proaches +jx% (corresponding to p approaching 
zero from the —jw direction), A(jx’) approaches 
unity. Furthermore, setting p’ =j1 in Eq. 44 is equiv- 
alent to setting p = —jl in Eq. 38. The result, in 
both cases, is a 3-dB cutoff point with a positive 
amplitude slope. 

Further inspection of Eq. 44 shows that each pole 
of the lowpass prototype has been transformed into 


(44) 





its inverse. A specific highpass prototype can thus © 


be constructed from its ‘corresponding lowpass 
prototype by changing the numerator to (p’)", and 
writing the denominator so that poles occur at the 


inverse of the lowpass poles. Substituting s/w, for — 


p’ in the highpass prototype will then give the trans- 
fer function of a highpass filter having the desired 
type of response and the specified cutoff frequency, 
w@,. An example of this transformation is illustrated 
in Fig. 12. 

Implementation of the final circuit parallels that 
of the lowpass case covered in Part 2. Active 2-pole 
highpass stages (Fig. 13) are used in cascade to 
provide the complex poles. A passive highpass R-C 
section will provide any required real pole. 

An interesting special case of the highpass trans- 
formation occurs with the Butterworth pole config- 
uration. The normalized Butterworth lowpass 
prototype has poles equally spaced around a 
semicircle of unit radius in the left half of the p plane. 
These poles map, through the inverse relationship, 
into their own complex conjugates. Since complex 
poles only occur in complex conjugate pairs, the 
final highpass pole geometry is identical to the low- 
pass geometry. The only difference between the 
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Fig. 13—Two-pole highpass circuits can be cascaded to imple- 


ment Eq. 44. 


pole-zero plots of the lowpass and highpass Butter- 
worth transfer functions is that the highpass plot has 
a zero at the origin for each pole whereas the lowpass 
plot has no zeros. 


Allpass transformation no problem 

While allpass filters have no variation in amplitude 
response with respect to frequency, they do introduce 
a frequency dependent phase shift. An example of a 
useful allpass filter is a delay line. The maximally 
flat time-delay characteristic of the Bessel phase 
response is sometimes useful in allpass filters since 
it yields a time delay that is relatively independent 
of frequency. 

The effect of a pole on amplitude response is 
inversely proportional to the length of the vector 
drawn in the p plane from the pole to the point jx 
on the vertical axis (Ref. 8). Conversely, a zero 
affects amplitude in a manner that is directly pro- 
portional to the length of the vector drawn from the 
zero to the point jx. The lowpass amplitude response 
is thus determined only by vectors drawn from poles 
in the left-half plane. If zeros are placed in the 
right-half plane in a geometry that is the exact 
mirror-image of the pole geometry, the amplitude 
response due to the zeros will be the exact inverse of 
the lowpass amplitude response. The combined 
network, with poles in the left-half plane offset by 
zeros in the right-half plane, will thus have a constant 
amplitude response with respect to frequency. 

Inspection will show, however, that each zero 
contributes a phase shift equal to the one con- 
tributed by the mirror-imaged pole. Thus, the phase 
response of the overall network is exactly double that 
of the corresponding lowpass filter. 
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The allpass prototype can be expressed as: 
A(p) = 





BP — PoP — Pa)KP — Py) «~~ (P — PrP — Py 
p+ pip +p(p tpi)... 


This can be factored into two basic types of sub- 
functions. 





(45) 











P — Po 
F (p) = (46 
p +p, 
Pp —p)(p —p, 
Fini i i 
ae p+p)(p +p. ma 





Fig. 14—Cascading the single-pole (a) and 2-pole (b) allpass 
circuits provides twice the phase shift of the corresponding low- 
pass prototype. 


Circuit implementations for these functions are 
illustrated in Fig. 14. These circuits can be cas- 
caded to provide an allpass response that exhibits 
exactly two times the phase shift of the corresponding 
owpass prototype. Although this network has no 
amplitude cutoff, the phase response can be scaled 
with respect to frequency by substituting s/w, for p 
and then multiplying both the numerator and de- 
nominator by a,. 


You can transform to bandpass too 


Given the lowpass prototype transfer function o 
Eq. 38, consider the transformation (Ref. 9): 


ae, eg M0 
p=q(— + 48 
W@ S$ 
where g = ad 49 
Wp 


The complex frequency variable for the bandpass 
response is S; w, and w, are, respectively, the center 
frequency and bandwidth of the desired bandpass 
response. For sinusoidal steady-state, p = Jx, s = J 
and Eq. 48 reduces to: 


ee (50) 


Inspecting this expression shows that, when 
x is zero, w is equal to + w; when x is +%, w is 
either approaching + or zero from the negative 
side. When x is —%, w is either approaching —< or 
zero from the positive side. Substituting Eq. 48 into 
Eq. 38 should then transform the lowpass response 
into a pair of bandpass functions centered around 
eg «A 

Amplitude 3-dB cutoff occurs in a lowpass proto- 
type when x = +1. Solving Eq. 50 for @ when x = +1: 
yields: 


ni re) 
, = eo] +703 (51) 
Similiarly, when x = —1: 
w 1 712 | 
Ww. Be Sl tae (52) 


The positive signs in the above expressions are 
used for the positive frequency side of the bandpass 
response. The frequencies wf and @, correspond to 
the upper and lower 3-dB cutoff points, respectively. 
These frequencies are related to the center frequency 
and bandwidth by: 


W) = (we w, )'” (53) 
eae He (54) 


when o), wo, and w. are all positive. 


The transformed bandpass of the lowpass prototype 
transfer function is found by substituting Eq. 48 into 
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Fig. 15—ach lowpass pole gives two bandpass poles and a 
zero. 


Eq. 38. This gives: 





A(s) = 
* * 
PoPiP; -. co PmPm (55) 
S Wo S Wo , 
ae or iy ae Oe a a 
Wo S Wy S 


Multiplying the numerator and denominator by 


iy" 





—s} produces: 
q 
A(s) = 
W n 
PePiP) -3.23-Dabe. es 
(56) 
Ww 
eee owe eee pe asta 


Inspection will show that at s = jw,, this expression 
equals one, and at either s = jO or s = jx it equals 
zero. 

Comparing Eq. 56 with Eq. 38 reveals that each 
linear factor in the lowpass denominator transforms 
into an s term in the bandpass numerator and a 
quadratic term in the denominator. Each lowpass 
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pole thus transforms into a zero at the origin, and a 
pair of poles not necessarily complex conjugates. 

Consider first the single real pole at p = —p, that 
might occur in the lowpass prototype. It transforms 
into a pair of poles, located at the solutions of: 





P+ py s+ ai =0 (57) 
or at: 
2 \1/2 
DoW _ . Do 
S,5.=- mo |] —-— 58 
1.2 2q J@p 4q2 (58) 


Through a similar but more involved process, each 
complex lowpass pole can be shown to transform 
into a zero at the origin and a pair of nonconjugate 
poles. When the lowpass poles are considered in 
conjugate pairs, however, the bandpass equivalent 
consists of two zeros at the origin and two pairs of 
complex conjugate poles. For a lowpass pole pair 
located at p = —a + jb, the corresponding bandpass 
poles occur at: 





0G 6 
Si 5e =a + M Sin = ad |e ees (59) 
and at: 
) ; 0 
aoa =a iM Sin + j{b + M Cos — (60) 
where: 
M = [(4q? — a? + b?)? + 4a7b?]"4 (61) 
and: 
a 2ab 
6= Tan"! es ope (62) 


For high q applications, M approaches 2q and 6 
approaches zero. Eq. 59 and 60 reduce, then, to the 
following approximations: | 


ae b 

1,2 = W ee 1 9G (63) 
a ; b 

53,4 = W arom 1 arr (64) 


This bandpass transformation is illustrated graph- 
ically in Fig. 15. 


Putting theory into practice 
The portion of Eq. 56 that comes from the i” lowpass 
pole pair is 





This can be rewritten as: 
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(a2 + b? (o s) 
Ss eee ee oe 
iS) (5 == SaS Ss = 5, iS = s ) ‘om 
where s, and s, are given by Eqs. 55 and 56. A,(s) 
can be factored into A,(s) and A,(s) such that: 


A, (s) = ———__———— (67) 


ho ee (68) 


These sub-functions each can be implemented with 
a 2-pole active bandpass stage, Fig. 4, Part 1. At 
S = jw, Eq. 65 equals unity. The combined gain of 
the two active stages used should thus be adjusted 
to one at w = a,. This will insure unity amplitude 
response when all stages are cascaded to produce 
the transfer function of Eq. 56. 

The design procedure for a specific bandpass 
filter is as follows. First, locate the poles of the 
corresponding lowpass prototype. Either pick the 
center frequency and bandwidth, or pick the cutoff 
frequencies and use Eqs. 53 and 54 to compute the 
necessary center frequency and bandwidth. Eq. 58 
will provide the location of the bandpass poles 
corresponding to the real lowpass pole. Implement 
these poles with a 2-pole active bandpass stage, 
adjusting the gain at w = w, to unity. Use Eqs. 59, 60 
or 63 and 64 to obtain the location of the four band- 
pass poles corresponding to each complex conjugate 
lowpass pole pair. Implement the bandpass response 
corresponding to the i" lowpass pole pair with two 
cascaded active bandpass stages. Then adjust the 
combined gain of these stages to one at w = a. 
After implementing each required 2- and 4-pole 
filter section, cascade these sections in any order to 
achieve the bandpass response of Eq. 56. 

This series has bridged the gap between the usual 
college level understanding of pole-zero analysis 
and the realization of complex active filter circuits. 
We have discussed some common filter types, 
and presented design techniques useful in 
their implementation. These techniques will 
produce a ffirst-cut circuit that provides the 
desired frequency response. Further simplification 
or optimization of the circuit may be possible and 
is left to the reader. 
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SPEAKING OF STANDARDS 
Edited by Rowen Glie, Chairman, 
Education Committee Metro. NY 
Standards Engineers Society. 


Presenting a discussion of 

. commercial standards as applied 
to commercial, military and governmental environments 
by 21 of the nation’s outstanding experts in the field. 

The “‘pro’s” and “‘con’s”’ of standardization discussed 
by the men who have done the most to make standards 
part and parcel of manufacturing life here in America. 
Foreign competition is heavily standardized and one of 
the reasons that foreign manufacturers have so success- 
fully penetrated American markets. Standardization 
brings significant cost reductions, improved profitability, 
product reliability and better purchasing practices. 


The six discussion areas are: 


Introduction and Definitions 
Standards serve both the highly specialized private 
needs of industry and the more public demands of 
people as consumers of products. 


Standards Engineer 
Develops and administers the standardization pro- 
gram; prepares, coordinates, establishes and maintains 
company standards; assists in the development and 
maintenance of industrial standards; serves as a con- 
sultant to other departments and as a source of 
technical information. 


Standardization Program 
An adequate program of standardization coordinated 
on a company-wide basis offers lasting benefits and 
tangible financial savings. 
Benefits of Standardization 
Where there is standardization, there are always cost 
savings. Good management is always economical. 


Component Selection and Parts Manual 

Helping designers with finding a component fora 
project, evaluating components for the purpose of 
standardization, is a routine job for standards and 
components engineers. 

Company Standards Departments 
and How They Work 

Two standards departments described in organiza- 
tional and financial detail. 
302 pages Illustrated $15.00 Satisfaction Guaranteed 


15 Day FREE Trial Examination (cut along this line) 
S58/MO10810  § 
CAHNERS BOOKS 29 Franklin St., Boston, MA. 02110 : 
Please send me copies of SPEAKING OF STAN- , 
DARDS @ $15.00 a copy. I_understand that if it does 5 
not meet my requirements, I may return it at no charge i 
to me. Otherwise, I will send you my check. : 
[1 Pleasc Bill CL! Check Enclosed : 
(We Pay Postage) : 
a Seth a eee ; 
Company : 
Address eee ee eer , 
City/State/Zip ; 
Mass. residents add 3% sales tax. : 
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~ Miniature 





GaAsP LED, eas 
Oo med atav = 2} Voltage-sensing 


O mcd at 2V. Ooze) a} (ce) = B) 
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Dead batteries! Everyone hates ’em. And most 
battery powered equipment—cameras, tape recorders, 
calculators—don’t warn you until it’s too late. 

Now Litronix—the world’s largest manu- 
facturer of LEDs—introduces the RLC-400 Battery 
Status Indicator. It’s a red GaAsP warning light and 
voltage-sensing IC combined in one little T-1 lamp 
package. The light is on at 3V, off at 2V. 

One of the nation’s most prominent camera 
manufacturers uses it. Any battery-powered device 
that uses it may acquire an important competitive 
advantage at low cost. 

The Litronix Battery Status Indicator will 

cost you only 60¢ in quantities of 1000. And you 

keep production costs down because you don’t 

have to test, assemble and inventory several 
components. 

If you need a warning light that goes on 
and off at different voltages, get in touch with us. We 
may be able to help you. 

You can get a free sample of the Battery Status 
Indicator by writing us on your company letterhead. Or 
if you want more information quick, contact Litronix, 
19000 Homestead Road, Cupertino, California 95014. 
Phone 408-257-7910. TWX 910-338-0022. 





For more information, Circle No. 57 


No wonder 
we're No.1 


in LEDs 


| 
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SYSTEM 82 


MICO 


The Difference 
In Testing! 


A computer-controlled ultra high speed 
wiring analyzer system for rapid validation of 
interconnect systems such as computer back- 
planes, multilayer boards, cable networks 
and wired racks. 

Announcing the System 823. Another DIT-MCO advance- 
ment in the “state of the art’’ of wire circuit testing and 
cable network fault analysis. System 823 combines speed, 


reliability and ease of operation into a computer-controlled 
solid state switching analyzer package unique in its field. 





DIT 


Proven solid state switching 


Distributed switching and control eliminates the need for 
massive adaptor cables and is customized to plug directly 
into your product or access fixture. 


Test parameters 


A wide range of substantially superior test parameters 
insures more consistent, reliable and accurate testing 
under a variety of conditions. 


a 








Test speed 


System 823 is unequaled in test speed and accuracy. Solid 
state switching and higher test stimuli enable extremely 
fast and precise insulation and continuity testing — up to 
several thousand tests per second. 


Test at higher voltage 


High voltage solid state switching permits testing at 24-volt 
levels. Higher test stimuli result in more reliable error 
reporting and isolation of real and potential defects. 


Software 


System 823 comes complete with a standard software 
package furnished and maintained by DIT-MCO. 


The basic set of hardware and software items may be 
complemented with a large variety of standard and 
special options. 


Call or Write... 


We'll send you our new System 823 literature or ask for a 
DIT-MCO representative to show you how a System 823 
relates to your test needs. He’ll show you how to perform 
tests faster, more simply, and save money too! 


DIT €+5mco 


DIT-MCO INTERNATIONAL 
A Division of Xebec Corporation 
5612 Brighton Terrace, K. C., Mo. 64130 
Telephone (816) 363-6288 
Telex Number 42-6149 


European Technical Representative, Radix House, Central Trading Estate, 
Staines, Middlesex, TW18-4-XA, England, Telephone (0784) 51444, Telex 
935023. 


For more information, Circle No. 80 
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Digilec introduces 


g new, portable D 


DigiTec’s new Model 2110, 3¥%2 Digit Multimeter is the 
latest product in the new HT Series (High Technology). 
This new family is the realization of a long term R & D 
fe} coker estanie e)aecereledi are melfenicclmmlatveavlontclaltclatelam Uitamtatomel iene 
aarcu(cMmlaMmaclitcle)iiie mmr-taromm el-1ace)ast-lalei-mam Malctsi-Mme(-leir-laleliare 
standards have been achieved by using field proven 
technology combined with proprietary design, state- 





Me 





igial Multimeter. . 


fovea dalcee-Vaammetol iil ekevalsvaiccmmr-varemmr-Conr-laler-to mm ol aele ll read tela) 
techniques. The application of human engineering prin- 
ciples, enables simple and self evident use of the instru- 
ment. Our proudest achievement, the HT series 
instruments are housed in attractive, designer-styled, 
enclosures that protect and enhance the advanced tech- 
rave) core hYan tats y mrexe) al ectiaP | 





Features: DC ranges to 1000 volts with autopolarity , 


7 Model 2110 Digital Multimeter 


S249. 


sensitivity 0.1mV FEO NG ranges to 500 volts, sensitivity 1mV 


/ Ohms ranges to 20MQ, sensitivity 0.12 / Monsanto, easy-to-read, long life LED’s / 115/230VAC, 50 to 
400Hz line operation or self-contained batteries yielding 8 hrs. continuous operation / Built-in automatic 
battery charger / Batteries optional $35.00 / Compact, lightweight and rugged / Ideal for bench or field 
operation / “Off-the-shelf’ availability from your local Digitec Representative. 


For more information, Circle no. 15 


UNITED SYSTEMS CORPORATION 
918 Woodley Road, Dayton, Ohio 45403 
Ph. (513) 254-6251 Twx. (810) 459-1728 


a subsidiary of 
Monsanto — 





Demonstration Wanted, Circle no. 16 
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|=[D IN] DESIGN AWARDS 


Simple 10 kHz V/F features differential inputs 





W. S. Woodward 
University of North Carolina, Chapel Hill, NC 





Voltage-to-frequency converters have long been 
a popular basis for analog-to-digital conversion 
and telemetry. In the former application, the 
combination of a V/F with a suitable time base and 
counter results in an inherently integrating and, 
hence, highly noise-immune digitizer. In teleme- 
try systems, the serial output of the V/F is 
appealing. 

This simple circuit combines the popular 555- 
type IC timer with an op amp and a handful of 
discretes to yield a versatile system component. 
Salient features include better than 0.05% linear- 
ity over 3 decades (10 Hz to 10 kHz), fully 
differential inputs, ratiometric capability, and an 
open-collector output compatible with any posi- 
tive-logic family (e.g., TTL, CMOS and HTL). 

The central principle of operation is a variation 
upon the well-known “charge-dispensing” tech- 
nique in which a current proportional to an input 
voltage is balanced via the periodic charging of a 
Capacitor to a precisely repeatable voltage. 

Generation of a current sink exactly propor- 
tional to the input voltage in this circuit is 
performed by the op-amp/FET combination of A, 
and Q,. The FET source-current linearly dis- 
charges the parallel combination of C, and C, 
until the voltage at the upper terminal of C, ramps 
below the 555 trigger potential (~Vppy/2). At this 
time, the 555’s output terminal swings HIGH, 
uncoupling the current sink by reverse biasing D, 
and beginning the re-charge of C, via D, and R,. 
This state persists until C, charges to the thresh- 
old potential of the 555 (Varr). The output then 
falls, reverse biasing D,, and replenishing 
(through D,) the charge drawn from C, during the 
C, charging interval. In this manner, the circuit 
adds a quantity of charge equal to C,Vgr,/2 to the 
C,, C, combination. 

The frequency with which the cycle is repeated 
is given by Four = 2Vix/RiwC Vere, Where Ry is the 
resistance seen between the FET drain and the 
negative input terminal. This relation will hold up 
to a limit that, for this combination of component 


86 


values, exceeds 15 kHz. With the values shown, 
the nominal scale factor is 10 kHz/V. 

Input offsets are determined by the quality of 
the op amp used. With proper selection of the 
amplifier and lower resistance values in the input 
network, full-scale sensitivities in the millivolt 
range may be achieved with 0.1% accuracy. 
CMRR is independent of input resistors match 
and is limited only by the amplifier chosen, 
although CM voltage should not exceed +2V. 
Notice that the effective input impedance for 
positive signals (negative input grounded) is 
determined by the follower-impedance of the op 





Better than 0.05% linearity over 3 decades (10 Hz to 10 kHz) is 
achieved with this simple circuit. It also features ratiometric 
capability, output circuit versatility and an accuracy TL of 
0.01% /°C. CMRR is limited only by input op amp, but CM 
voltage should not exceed +2V. 


amp. Typically, this is many megohms. 


0.01% /°C are easily achieved. The open collector 
output (taken from the 555 ‘‘discharge”’ node) is a 
high-conductance path, easily capable of driving 
10 TTL or HTL loads. Considerable cable lengths 
may be driven in remote-sensing applications.O 


To Vote For This Circuit 
Circle 159 
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“We've Got A 
Lot of Great 
nstruments’ 


ut we’ve found we may have 

‘own complacent. Complacent —_eeFresertarketng. 
| telling you about a complete TWX: BI0-91-9188, Telex 272110 
roduct line. That’s the reason for this ad. 

No one, but no one, has Texscan’s line-up and 
inge of sweep generators, oscilloscopes and 
yectrum analyzers. 

In addition, we cover the filter, attenuator and 
scillator markets. Write today for complete 


atalog information. 








Sweep/Signal Generators 


Model Frequency Range Sweep Width Price Model Frequency Range Sweep Width Price 
S—20 500 Hz to 25 MHz 500 Hz to 25 MHz $1,495.00 VS—90B 5 MHz to 2350 MHz 100 kHz to 1100 MHz $2,695.00 
S—30A 300 kHz to 100 MHz 00 kHz to 100 MHz § 975,00 VS—340 3.6 GHz to 4.3 GHz 500 kHz to 700 MHz $4,650.00 
OSES EA) (ae 2) st RSS SS a 5.8 GHz to 6.5 GHz 

S—40A 1 MHz to 300 MHz 200 kHz to 300 MHz $ 975.00 WB—710. DCto32MHzin2bands  Band1:100Hzto6MHz — $1,095.00 
IS—50A 5 MHz to 500 MHz 500 kHz to 500 MHz $1,150.00 Band 2: 300 Hz to 32 MHz 
7111 to 500 MHzin 1 band —0.1 to 500 MHz 875.00 
IS—60B 5 MHz to 1000MHz 100 kHz to 1000 MHz $1,795.00 NBS Tig s00 MHz in Pband: “Ol toS00 MMe 
Pe We =713" «(10960 MHz in 2-bands Band 1:0.1 to 500. MHz $995.00 
S—80 1 MHz to 1200 MHz 50 kHz to 400 MHz $1,450.00 Band 2:01 to 500 MHz 


In this day of shortages we have certain items on the shelf for jet delivery. 


Texscan 


THE WORLD LEADER AND 
COMING ON EVEN STRONGER. 
215-542-1490, Cedar Rapids 319-363-2489, Cleveland 


. S. Sales Offices: Albuquerque 505-298-2575, Ea ky ae Y.) 212-423-7330, Binghamton (N.Y.) 607-748-0509, Blue Sano 
16-243-8430, Dallas 214-363-5291, Ser eee 513-885-4171, Depew (N.Y.) 716-685-4111, Detroit 313-482-1229, Dover (N. J.) 201-366-7518, Hamden (Conn. ) 203-288-5246, Hazelwood 
No.) 314-731-5200, Hazlet (N.J.) 201 -264- 1851, Honolulu 808-941 - 1574, Wye (Ala.) 205-837-1601, Independence 816-737-1414, Indianapolis 317-257-7231, Los Angeles 
13-478-1586, bet Penn (Pa.) 215-672-5565, Northbrook Ae ) 312-498 -4500, Orlando 305-859-2160, Palo Alto 415-494-3331, Seattle 206-763-2233, Syracuse 315- 454-9314, Ulster 
ark (N.Y.) 518-372-6649, Winston-Salem 919-722 Waban (Mass.) 617- 569 3372, Wheaton (Md.).301-942-9420. Canadian Sales Offices: Downsview 416-638-0218, Halifax 
J2-455-0670, Montreal 514-735-4565, Ottawa 613- 728- ead Vancouver 604-732-7317, Winnipeg 204-475-1732.OVERSEAS OFFICES:U K 04427-71138 W Germany 0811/695421 


For more information, Circle No. 52 
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No table is needed to calculate logarithms in any base 








Eric B. Arnold, 
Haughton Div., Reliance Electric Co., 
Ann Arbor, MI 








| offer an alternative to Grover H. Martin’s 
algorithm deriving logarithms on a 4-function 
calculator (EDN, January 20, 1974, pg. 78). My 
method enables the user of such a calculator to 
calculate logarithms in any base to the full 
accuracy of instrument in use. The procedure can 
be executed relatively quickly, remembered 
easily, and does not require a table. It does, how- 
ever, require a scratch pad and some sort of writ- 
ing instrument, but the use of these is confined 
to only two numbers. 

The method proceeds as follows: 

1. Choose the base desired; denote with b. 
(b +1, > 0) 

2. Divide the number N, whose log, is desired, 
by b repeatedly until the quotient lies 
between 1 and b. The number of divisions 
required to do this gives the characteristic c: 
Q) = N/b° 

(If N is less than 1, multiply instead of 
divide; the characteristic now is the negative 
of the number of multiplications.) 

3. Leave Q, in the calculator and put a. on the 
scratch pad with lots of space to its right. 
Then iterate the following sequence of steps 


for i = 0, 1, ... until sufficient accuracy 
has been obtained. 
a. Square Q,. 


b.To the right of the . or the last digit 
recorded to its right, record a0 if Q2<b 
and pit ©.) =" O71 of. record a “1” if 
Q;*>b and put Qi, = Q;7/b. 

c. Go back to (a) unless sufficient accuracy 
has been obtained. 

4. As you may have guessed, you have calcu- 
lated the mantissa of log,N in binary. 
Convert any way you like; the method | 
normally use is given in the example. 

The number of bits which must be obtained 
before converting to octal can be determined for 
a particular calculator in the following manner. 
First, produce the binary mantissas for an 
arbitrary number and its reciprocal, using the 
same base for both. Bit strings ideally should be 
the logical complements of each other. They will 
be until round-off errors destroy the significance 
of the calculation. Thus, to determine the max- 
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imum number of bits of significance, count those 
for which the complement relation is valid. There 
is obviously no point in obtaining more bits. For 
my 8-digit calculator, 27 bits are sufficient. 

If your calculator wastes one digit of display on 
a zero to the left of the decimal point when the 
result is less than 1, an extra digit in the mantissa 
can be obtained when converting from octal to 
decimal by dividing by 0.8 instead of 8 in the last 
step. Then shift the decimal point of the result 
one place to the left. 

Since this method computes logarithms in any 
base, In N can be obtained if desired. It may be 
simpler, however, to use the relation log,X = 
log,X/log,a, choosing a base b which is con- 
venient for calculation (e.g., 2 or 3), then 
calculating log,a as well as log,X to obtain log,X. 
This avoids having to re-enter the 8-digit base a 
large number of times. 

It is highly recommended that the reader 
develop the logic behind this approach, since it 
will make the procedure extremely easy to 
remember, even after months of not using it. 
EXAMPLE: N = 361, b = 10 

This gives Qy = 3.16, c = 2, since 361/102 = 3.61 

(This is written out here for instructive pur- 
poses only. In actual practice, the calculator 
retains all necessary numbers except the binary 
mantissa. The binary mantissa is the only part that 


the user has to record on his scratch pad. 


Calculations for this example were performed on 
a Bowman Model 905 calculator.) 





Starting at the top of the bit column, we obtain 
the mantissa of log,, 361 in binary: M = logy, 3.61 
= (0.100011101011100011...),. This must be con- 

verted to decimal. A quick way to do this involves 
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shiclqimesetcheymdelcmeaiialtlablacwectelelbtcl mca intel el=\mlel dela 
IWGS@ SWITCH Series 8 line is the direct result of a 
design need. 

And, because design needs change continually, so 
(oComdercMealhall-hablacWestslenbral (smi (-Re)et=) ¢ 

In the last year alone, we've added hundreds. 

So you can choose from toggles, paddles, rockers — 
lefaicoromlelomblaliloseiacvotent-belemojblcjelepblacevelcmm Aidemcciaceiterel| 
variations that include solder, quick-connect, PC board and 
wire wrap. 

They're all U.L. listed at 6 amps, 125VAC. With low 
energy versions available in every design. 

And they all come with standard features like 
traditional MICRO SWITCH quality. Including inspection 
refs Resel=Bel-1ce-1el ms \orerje)r-le)(-n@yereliigia Mons-) ew Valo mer-leleenslelcy 
off-the-shelf availability, so there's no waiting. 

They're also available with new features, like panel 
vale Ml olbts}ethaleprs\crol(=1e Mo] bisialelbrace)stse-l elem revere ll Hy. Wesleyan 
id atq=yole (=1o Ml e)bI=) eth aleMo)ell at Omeslolbnalicremele(ef(- my atalomee) (eco! 
sleeves for the 15/32-inch diameter bushing toggles. 


Gm folb Ke mbl.coBeclercowlelcojacel-lslejemelemeelc 
WSs e) eWITCH Sravalccuswesttettclabicowest-velbl-litsy'\al vel e(tcmerl le 


toll-free, 800/645-9200 (in N.Y., call 516/294-0990, collect 
Koy and (= lover-lalovemclalome)elojel-malbieclorc) qe) mielbiaselcr-idoisit 
MICRO SWITCH Branch Office or Authorized 
|Ditsiseleybiveya | 

Find out why you need only one source for the 
jalepalmpectnellsldbbccwecr-lelbr-lmcai\sivolebe-lmdel-maleselmerelocm-lmsel— 
sole selmunestey 

And how that source will work with you, just in case 
it doesn't make exactly what you need. Yet. 


MICRO SWITCH products are available worldwide through Honeywell Intemational. 


For more information, Circle No. 53 





look like miniature manual switches. 
‘re really just responses. 


MICRO SWITCH 


FREEPORT. ILLINOIS 61032 
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conversion to octal first, which can be done by 
inspection if the following binary-to-octal conver- 
sion codes are known: | 

Binary: 000 001 010 011 100 101 110 111 

Octer. O04. 2 3 4 Bee ee 

Each octal digit corresponds to three binary 
digits (bits). Conversion to octal is achieved by 
dividing the binary number into groups of three 
bits starting at the left: 


M = (0.100 011 101 011 100 011 ...). = (0.435343 ...), 
ae 1g: AO ~ ee 
Conversion to decimal can now be done 
quickly on the calculator, starting with the 
right-most octal digit (3): Enter it in the calculator, 


Circuit combines integrate, 


Edward Crovella, 
Cardiac Electronics Inc., Clarence, NY 


A sample and hold circuit is frequently used to 
temporarily store the output of an integrator. This 
circuit (Fig. 1) combines integrate, sample and 
hold functions, reducing such total circuitry by 
typically 40%. Essentially it is a version of asample 
and hold circuit with capacitor feedback. The 
switching waveforms show circuit operation. 

On the schematic, R,; and C, are determined by 
the integrator scaling desired. The high limit on 
the size of C,, the memory capacitor, is set by the 
fact that its charge time-constant through R; and 
Q, should be small compared to the time during 
which the amplifier is gated on. The low limit is 
determined by the fact that any small gate-to- 
drain leakage current in Q, charges C,, thus 
basically determining long-term hold stability. 

For most applications, a 741-type op amp 
proves satisfactory as the integrating amplifier. 
However, for critical applications, a FET-type is 
recommended. © 


To Vote For This Circuit 
Circle 161 


An analog multiplexer makes an ideal CMOS output driver 


Victor Lilley and Robert L. Rook 
Philco Ford, Newport Beach, CA 


Faced with a requirement to make additions to 
the discrete-transistor 0/—6V logic of some analog 
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divide by 8, add the next digit (4), divide by 8, add 
the next digit, divide by 8, etc., until the left-most 
digit has been added and the result divided by 8. 
This is the desired mantissa, good to about five 
decimal places: M = 0.5575065. The last two 
places are somewhat uncertain because we termi- 
nated our binary mantissa at 18 digits, cor- 
responding to six octal digits. This corresponds to 
a maximum possible error less than 1 x 8° 
~0.0000038. For greater accuracy, a larger num- 
ber of bits can be obtained. 0 


To Vote For This Circuit 
Circle 160 


sample and hold functions 


Total circuitry is reduced by about 40% when this modified 
sample/hold circuit with capacitive feedback is used to 
combine the integrate, sample and hold functions. Switching 
waveforms show operation. 


computers, we chose quiet, voltage-compatible 
CMOS. In this application, Vag pins were wired to 
ground while V,,; was supplied from an existing 
—6V power bus. NOR gates thus became NAND 
gates, and flip-flops triggered on the clock’s 
trailing edge in accordance with the negative-true 
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Vhether you need leaded 
rr leadless DIP connectors, 
surndy leads the way. 


We're the leaders in performance. 
We're the leaders in savings. 





Burndy makes pluggable DIP connectors to fit every 
2ed. Leaded or leadless. Standard or hybrid. Top, bottom 
‘side pad. All required shapes and sizes. 

But they all have one thing in common. They all use 
1-plated contacts that give you gas-tight, high-pressure 
Innections as good as gold. Without the cost of gold. And 
jat can lead to some very big savings. 

And that’s not all our pluggable DIP connectors save 
du. Our unique contact design prevents wicking during 
\Idering to save rejects. Our low profile saves space. 
nd our entire connector can be repeatedly disconnected 

and reconnected to save 
BURAIDY field senicetime. 
se Where is.all this leading? 
leads to the most reliable, most economical IC connectors 
ou can buy. No matter what your application. 

For more information on our complete line of pluggable 

IP connectors, write: Burndy Corporation, Norwalk, 


vonnecticut 06856. It could lead to a very nice relationship 
yr both of US. For more information, Circle No. 54 
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_ Theres more 
to resistors 

than 

resistance 


If youre really 
serious about cost, 
be serious about quality. 


If you think all resistive components 
are the same, listen to what these 


users have to say about Allen- 


Bradley fixed composition resistors: 
Buyer—‘A-B has shipped nearly four 
million parts without a single reject 
or problem. The quality is superb. 
I've spent 12 years in production 
control and purchasing. I’ve seen 
the amount of down-time, rework 
and field retrofit caused by others? 


President—‘‘We have used many mil- 
lions of Allen-Bradley hot-molded 
resistors. The uniformity of quality 
from one shipment to the next is 
truly outstanding: 
Engineer—‘When we use A-B resist- 
ors instead of some other make, it’s 
one less component we have to 
worry about?’ 

“We learned the hard way. The subtle 
things make the difference. They all 





Nuits 


For more information, Circle No. 55 





add up to the top quality we want in 
Our products:’ 

Purchasing Agent—‘‘We wish we had 
more Allen-Bradleys:’ 

Write for Publication RD. Allen- 
Bradley Electronics Division, 1201 
South Second Street, Milwaukee, WI 
53204.Export: Bloomfield, NJ 07003. 
Canada: Allen-Bradley Canada Limit- 
ed, Cambridge, Ontario. United King: 
dom: Jarrow, Co. Durham NE32 3EN. 


Allen-Bradley 


Milwaukee, Wisconsin 53204 
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Fig. 1—This universal connection provides fully isolated 
translation to users choice of logic levels. 


1/3 CD4053 





Fig. 2—Complementary (true/false) outputs are provided in 
the connection used in the analog computer application. 
Typically, 14 discrete-component gate inputs can be driven 
per output. 


convention. The only problem encountered arose 
when it was necessary to return signals to the 
discrete-component logic world. Voltage levels 
were right, but even type CD4049 “high current’ 
drivers had inadequate current capacity. In fact, 
paralleling all six drivers of the hex package 
provided only a minimal fan-out capability. 

The type CD4053 analog multiplexer proved to 
be the perfect CMOS output interface element. 
Used as shown in Fig. 1, it could provide level 
translation to any desired pair of logic levels (V, & 
V,) lying in the range between Vag and Vee. In this 
application, however, advantage was taken of the 
fact that the discrete-transistor logic of the analog 
computer views an open circuit as a true signal. 
Therefore, the CD4053 could be connected as 
shown in Fig. 2, providing three sets of comple- 
mentary (true/false) outputs per IC package. Ina 
loading test, a randomly-chosen unit drove 14 
discrete-component logic gate inputs per output. 
This performance represented a fan-out capabil- 
ity more than adequate for our particular task. 
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Design Entry Blank : 


$20 Cash Award for all entries selected by editors. 
An additional $50 U.S. Savings Bond Award for 
winning circuit each issue, determined by vote of 
readers. Additional $1000 Bond Award for annual 
Grand Prize Circuit, selected among semi- 
monthly winners by vote of editors. 


To: Design Award Editor 
EDN 
Cahners Publishing Co., Inc. 
221 Columbus Ave., Boston, MA 02116. 


| hereby submit my entry for EDN’s DESIGN 
AWARD PROGRAM. 


Name 
Title Phone 

Company 

Division (20, SE st s—“‘“‘“‘“‘<‘ ‘iO! 
Street 


(..L...ti‘((NU!NUNOUUWNWcC.UW.UWUWUU/If 








Cro ite OLO—OOOCOCOCOCiCiO‘(‘(‘(‘((NNNNNOUCW 
Print full name (no initials) and home address on 
lines below for mailing of your bond if chosen 


monthly issue winner. Also, please include your 


Social Security number. 





Soca scclity Noti‘_C™é™OCt:OC:CO:;:O:O:;:COtt:tCOCOC:COCOCOUW;W 
Entry blank must accompany all entries. Circuit 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have 
been previously published (limited-distribution 
house organs excepted), and must have been 
constructed and tested. 

Exclusive publishing rights remain with 
Cahners Publishing Co., Inc., unless entry is 
returned to author or editor gives written per- 
mission for publication elsewhere. 

In submitting my entry, | agree to abide by the 
rules of the Design Award Program. 

Signed 


CR RR RENIN 


Dk 
Your yote determines this issue’s winner. All 
circuits published win $20 cash. All issue 
winners receive an additional $50 U.S. Sav- 
ings Bond and become eligible for the annual 
$1000 U.S. Savings Bond Grand Prize. 





Vote now, by circling the appropriate 
number on the reader inquiry card. 

Submit your own circuit, too. Mail entries 
to Design Award Program Editor, EDN, 221 
Columbus Ave., Boston, MA 02116. 





93 





PROGRESS IN PRODUCTS 





IC D/A converter surpasses 
hybrid and modular devices 


PROGRESS IN 
SEMICONDUCTORS 


What makes a product unique? 
The standard definition of singu- 
larity or ‘‘one of a kind’”’ doesn’t 
seem to fit in the electronics 
industry. Perhaps a more suit- 
able definition would be if the 
product surpasses all its peers in 
what and how much it can do for 
the price. Analog Devices 'AD562 
seems to fit this criterion for a 
unique product. 

The AD562 is an IC 12-bit D/A 
converter with max. error of 
+1/4 LSB at 25°C. Let’s stop and 
examine this statement. 

Usually, to achieve accuracy 
over a wide range of tempera- 
ture, hybrid and modular tech- 
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niques are used. These processes 


increase the size of the con- 
verter. AD seems to have 
overcome temperature stability 
problems while retaining a small 
size. They also claim that their 
unit iS more accurate vs. 
temperature than any other 
12-bit D/A converter. 


Unique design package 


The package consists of two IC 
chips internally connected and 
mounted in a hermetically- 
sealed ceramic 24-lead DIP. 
Thermal heating is minimized by 
switching at the collectors rather 


5 OP AMP 
OUTPUT 


‘UNIPOLAR | 
OFFSET ADJ. 


pononans tion ee 


Fig. 1—Guaranteed monotonicity over —55 to +125°C is a key feature of Analog 
Devices’ 12-bit Model AD562 D/A converter. Design highlights include a non- 
saturating current switching technique and a fully-differential precision current- 


switching cell structure. 
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than at the emitters. Identical 
constant-current transistors are 
not turned off and minimum 
thermal heating is accom- 
plished. Thermal transients and 
the nonlinearities that result 
from them are reduced as the 
various bits are switched. 

The fully differential precision 
current-switching cell structure 
also provides increased immuni- 
ty to supply-voltage variations. 
The power supply sensitivity of 
gain is kept below a maximum of 
2 ppm of FSR/%. .Since.the 
collector voltage of the con- 
stant-current transistors does 
not change during bit switching, 
there is no differential power 
change in these transistors as 


various bit combinations are 
switched. 
The four MSB_ constant- 


current emitter-ratio transistors 
are located on the axis of 
symmetry between each of their 
respective differential current 
switch pairs. As a consequence, 
the device is virtually free from 
nonlinearity and thermal tran- 
sient errors attributable to dif- 
ferential heating effects. 


Versatile inputs 
In addition to having better 


gain and differential-nonline- 
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SUCCESSIVE 
APPROXIMATION 
REGISTER 

(25L04 OR EQUIV.) 
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AD562KD/BIN 


Fig. 2—A 40- kHz conversion rate for 12 bits is possible when the AD562 is used in this 
successive-approximation A/D converter design. It takes advantage of the 562’s 


excellent accuracy and linearity, small size and low cost. 


arity temperature coefficients 
(TC’s) than those of modular or 
hybrid 12-bit DAC’s, the AD562 
has other performance features. 

A unique input-circuit con- 
figuration provides true logic 
inputs that are fully compatible 
with TTL, DTL and both high and 
low-level CMOS logic. The same 
input-circuit design protects the 
AD562 from failures when active 
logic is applied prior to power- 
supply turn on. When used with 
a varying reference voltage, the 
AD562 becomes a 2-quadrant 
multiplying DAC. 


And versatile outputs 


The D/A is also moderately 
fast. It settles to +1/2 LSB in less 
than 1.5 wsec with the addition 
of a single external resistor and 
capacitor. Available in versions 
for either binary or BCD input 
coding, the new DAC features 
two internal scaling resistors and 
an internal bipolar offset resis- 


tor. This resistor, when used 


with a suitable amplifier, allows 


the user to program five out- 
put-voltage ranges: 0 to5V, —2.5 
to 2.5V, 0 to 10V, —5 to 5V, or 
—10 to 10V. These internal scale 
resistors can also be used as 
terminating resistors when the 
AD562 drives the input of a 
comparator in applications such 
as the feedback element in a 
successive-approximation or 
tracking A/D converter. 


The D/A converter is offered 
for operation over three temper- 
ature ranges. The AD562K, 0 to 
70°C, is $58; AD562A, —25 to 
85°C, $74; and AD562S, —55 to 
125°C, $150. All prices are for 
1-24 units. 

Analog Devices, Inc., Box 280, 





Norwood, MA _ 02062. Phone-. 


(617)329-4700. 


Circle No. 140° 


SOMETHING 


GENERAL 
ELECTRIC'S 
92F ADVANCED 
CAPABILITY 
OMPUTER-GRADE 
CAPACITOR... 







Now! A highly reliable long life © 
capacitor designed for applications 
requiring large amounts of ripple 
current at operating temperatures 
of 85 C and above. Ideal for power 
supplies, particularly the new 
switching mode types, energy storage 
and discharge, input filters for SCR 
power supplies .. . anywhere large 
amounts of ripple current are needed. 
Features include: 

@ 3,000 hour life rating at 85 C 

@ Ratings to maximum volt- 
microfarads per case size 

® Capable of operating up to 125 C 

@ Standard screw-type terminal 
inserts 

® Standard units available in 21 
case sizes — over two hundred 
ratings 
For more information on these, or any 
of General Electric’s wide range of 
capacitors, call your nearest GE sales 
office today, or write Section 430-53, 
Schenectady, N. Y. 12345. 





MAKE 





OUT OF IT! 


GENERAL @@ ELECTRIC 


For more information, Circle No. 56 
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COMPONENTS/MATERIALS 





LOW-PROFILE, 25-TURN TRIMMER 


POTS HANDLE 1W AT 70°C. The 700 
Series trimmers offer a choice of cermet 
or wirewound elements in a 0.25- 
in.Hx0.75-in.L x0.165-in.W package. An 
all-metal screw is traversed by a solid 
wiper block with wire spring-finger 
contacts, and a 1-piece clutch prevents 
overtravel damage. TC’s are 100 ppm for 
cermet models, 50 ppm for wirewound 
models. Resistance range is 10 to 50 kN 
for wirewounds and 100 to 2 MQ for 
cermet. Typical price is 99¢(1000). Dale 
Electronics, Inc., Box 609, Columbus, NB 
68601. Phone(402)564-3131. 


Circle No. 170 


PLASTIC CONTRAST FILTER ENHANCES 
GREEN LED READOUTS.  Spec- 
trophotometrically matched to the color 
of green LED’s, the Chromafilter® Green 
48 is a mar-resistant, anti-reflection 
plastic filter. It is unaffected by a variety 
of chemicals and solvents and can be 
easily cleaned with ammoniated cleaning 
compounds. The filter is offered in 
0.03-in. rigid vinyl and 1/16 and 1/8-in- 
acrylic thicknesses in sheets, or custom 
fabrication. Panelgraphic Corp., 10 
Henderson Dr., West Caldwell, NJ 07006. 
Phone(201)227-1500. Circle No. 171 





28V SUBMINIATURE T-2 LAMPS FILL A 
GAP. They are available unbased, with 
wire leads (Model 6838), with submidget 
flange (Model 6839), or with bi-pin 
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~ 5000+ hrs. Model 6838 is 


(Model 7839). Power required is 0.024A 
+10%. Ratings include MSCP of 0.15 
+25% and average estimated life of 
77¢ (1000), 
Models 6839 and 7839, 97¢ (1000). 
Industrial Electronic Engineers, Inc., 
7720-40 Lemona Ave., Van Nuys, CA 
91405. Phone(213)787-0311. 

Circle No. 172 


CARBON FILM RESISTORS ARE NON- 
FLAMMABLE. Conformally coated, 1/4 
and 1/2W units of the CF25 Series meet 
all EIA color coding, dimensional and 
physical specs. They are offered in +5% 
and +2% tolerances, with values from 
2.20 to 2.2 MQ. Resistance change 
on-the-shelf is 0.15% max. and their TC 
is —350 to —650 ppm. All will withstand 
the stresses of wave soldering, automatic 
assembly and solvents used in cleaning 
circuit boards. $17/1000 for 1/4W 5% 
units. International Components Corp., 
105 Maxess Rd., Melville, NY 11746. 
Phone(516)293-1500. Circle No. 173 





HALOGEN T-2 LAMPS OUTSHINE CON- 
VENTIONAL ONES 3x AS LARGE. The 
#3027 is a6.3V, 2.1A, 75-hr halogen lamp 
only a quarter of an inch in diameter. It 
costs less than half the price of the T-3 
#1973 quartz lamp it replaces. A 2-pin 
ceramic base simplifies installation and 
removal. Unlike conventional lamps 
these produce about 95% of their 
original light output at 75% of rated life. 
Available first quarter of 1975. General 
Electric, Dept. #0747-M, Nela Park, 
Cleveland, OH 44112. Phone(216)266- 
2121. Circle No. 174 


SILICONE-RUBBER BASED POTTING 
COMPOUND CURES FAST. Pourable, 
black fast-curing 2-part RTV-627 com- 
pound is compatible with most electrical 
insulating materials and is resistant to 
burning. The operating temperature 
range is from —65 to 400°F. It can be 


cured in minutes at elevated tempera- 
tures of 150 to 2350°F.. At» toom 
temperature, it sets in <24 hrs. $3.92/Ib. 
(22 Ib. kit). General Electric Co., 


Waterford, NY 12188. Phone(518)237- 
Circle No. 175 


3330. 





FLUOROWARE HOTPLATES’ GIVE 
LONGER SERVICE LIFE. Designed for 
semiconductor processing, Model 673 
and Model 675 utilize a seam-free 
injection molded fluorocarbon and 
glass-ceramic construction. A_ special 
epoxy encapsulation compound seals 
the base and glass-ceramic heater 
assembly. Both Model 673(220V) and 
675(115V) are rated at 600W. Available 
standard controllers offer operating 
temperatures from 50 to 520°C +10°C, or 
20 to 520°C +2°C. Fluoroware Systems 
Corp., Jonathan Industrial Park, Chaska, 
MN 55318. Phone(612)448-3131. 

Circle No. 176 


10-TURN, 0.5W CARBON POT CARRIES 
LOW PRICE TAG. Although nonpreci- 
sion type, the VA-45 is a high quality, 
10-turn pot, with a vernier ratio to 
12.5%. It features a resistance range of 
1000 through 1 MQ, +10% tolerance, a 
linear taper with independent linearity of 
+10% and bright nickel plating. 
$2.29(100). CTS Corp., Elkhart, IN 46514. 
Phone(219)293-7511. Circle No. 177 


GLASS THERMISTOR PROBES GO MI- 
CROMINIATURE. Micro-mini-probes 
consist of a tiny (0.02-in.D) bead 
thermistor hermetically sealed into the 
tip of a thin-wall glass tube. No air or gas 
is in contact with the thermistor bead 
and it is impervious to electrically- 
conductive and/or corrosive mediums. 
Time constant is 1.4 sec. Values from 1 
kQ to 5 MQ (at 25°C) and covering —50 to 
300°C are offered. Fenwal Electronics, 63 
Fountain St., Framingham, MA 01701. 
Phone(617)872-8841. Circle No. 178 
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FOUR CAPABLE DPDT SWITCHES 
SHARE 1 DIP PACKAGE. Each screw- 
driver-actuated switch is bidirectional 
with a center-off position. Overall body 
dimensions are 1.344-in.Lx0.428- 
in.W x0.312-in.H. The nonswitching rat- 
ing is50V@ 100 mA (switching rating is 5V@ 
100 mA). Contacts and terminals are 
phosphor bronze, plated gold over 
nickel, with electrical life of 2000 
switching cycles. AMP Inc., Harrisburg, 
PA 17105. Phone(717)564-0101. 

Circle No. 179 


FLOATING ANCHOR NUTS STAND 
REPEATED REUSE W/O DAMAGE. Loc- 
flex® floating anchor nuts are available in 
4 sizes for 4-40, 6-32, 8-32, 10-32 and 
10-24 threads. A flexible-spline clamping 
action avoids damaging the threads of 
either nut or bolt. Standard material is 
1008 carbon steel, cadmium cromate 
plated. Other materials and finishes can 
be supplied on order. Paneloc Corp., 
Front and Main Sts., Collinsville, CT 
06022. Phone(203)693-8363. 

Circle No. 180 





AIDS PRESET- 


TRANSPARENT COVER 
TING OF CERMET TRIMMERS. The 15T 
Series ET33 trimmers consist of a 
ceramic/metal resistance element mated 
to a ceramic substrate protected by a 
rugged transparent housing designed to 
withstand strong vibration or shock. 
They provide high temperature/time 
stability, a low voltage coefficient and 
low end resistance and reactance. Most 








resistance values show negligible fre- 
quency error to 100 MHz. Mepco/Elec- 
tra, Inc., Columbia Rd., Morristown, NJ 
07960. Phone(201)539-2000. 

Circle No. 181 


EXTRA-LARGE 7-SEGMENT LED DIS- 
PLAYS ARE 0.6-IN. HIGH. Three mod- 
els—the DL-750 with left-hand decimal 
and common cathode connection, the 


| oe 








DL-749 polarity/overflow display with 
common cathode connection and the 
DL-746 polarity/overflow display with 
common anode connection—are 44% 
larger in area than 0.5-in. displays. 
Typical luminance is 5 mcd at 20 
mA/segment. Price, packaged in stan- 
dard 18-pin DIP, is $2.90 each (1000). 
Litronix, Inc., 19000 Homestead Rd., 
Cupertino, CA 95014. Phone(408)257- 
7910. Circle No. 182 


ERROR 


The Optima 
_ ¢Expertence 


The Optima experience— it’s colorful, stylish and now a 
great new way to package your electronics. We call it 
@) opel aatclnys\aeum Malsiacw ccm alelealialemil.<omaallsmer- limo) ammials 
antztd.<=) encore Fhe fe) (e(-vemsvele | fo) de) a=lemsi(e(-tom/Andamatctalel(ot< 
neatly designed in...easily removed top and bottom 
foy-laodkcwr- tale mmdat-tem ale) eral] mmm malcom iae)aiar-lalema-t-lalel-lalcltomclgom 
fo¥sl a aco lies lel a¥-lsrsi sure lors) nal ed hand arcverciile (com ale] alaelepa@eyacal= 
11 ce) a) xe) mns al=meor- tome) anvelemant-hyasleksimnc-lalancomaalelelanaianie 
“a rack. We are eager to tell you all about OptimaPAK 
lave mes) atl aomealsm ©) elelaat-imcy.4eloialoialercm ale) anaralen)s 


—T 


Write Optima Enclosures, a division of Scientific-Atlanta, Talon 
ye tolom\iteleleleliamlalelehjcat-|m=1 he mem MU le) ¢-) me {-vo)ae|t-mci0]0l.7-molg 
call (404) 939-6340. 
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The Cocky" COMPONENTS/MATERIALS 





Little 





With a Joslyn 2000 series gas tube protector on your 


equipment, you have a special kind of protection against 


damage from lightning, power surges and other transients. 


Joslyn engineers call it “protection plus. 


” First, nano sec- 


cond response to the fast rising transients. Plus, repeatable 
response for consistently reliable protection on each tran- 


sient. Plus environmentally sealed, 


nance, 


low cost. 
That means “protection plus” 
RF systems, CRIT’s etc. 


no noise, no mainte- 
Plus each Joslyn unit is 100% tested. 
for solid state components, 
Backed by 73 years of Joslyn 


experience, the cocky little transient quencher can be de- 
livered from stock in a variety of breakdown voltages. 


* 62 cents each in quantities of 1,000! 


Special “protection plus” offer: 


For AC power protection, 


we'll send you your own copy of Joslyn’s 24-page, illustrated “AC 
Arrester Guide” as long as the supply lasts. Please write or call 
us today. 





OSL 


ELECTRONIC SYSTEMS 


Joslyn Electronic Systems, Santa Barbara Research Park, 
P.O. Box 817, Goleta, Calif. 93017, Tel. 


For more information, Circle No. 81 


(805) 968-3551 












CERAMIC FEED-THRU NOW OFFERED 
UNCASED. “U” series filters are small 
monolithic ceramic discoidal devices 
made of barium titanate. They have a 
wire through the center and are plated 
on the outside. Disc diameters range 
from 0.135 to 0.35 in. Standard voltage 
ranges are 50-1000V dc, but 115/230V ac 
0-400 Hz models are also offered. 
Capacitance values range to 0.75 wk 
(GMV), with current ratings to 20A. 45¢ 
to 85¢ (25,000). U.S. Capacitor Corp., 
2151 N. Lincoln St., Burbank, CA 91504. 
Phone(213)843-4222. Circle No. 183 


RED, GREEN AND YELLOW GaP LED’S 
FIT LOW-CURRENT NEEDS. All of the 
MA 2400 series, T-1-3/4 package LED’s 
are provided with panel mounting clips 
and in a variety of lens styles. They can 
be driven directly with MOS, TTL and 
other types of logic circuits. Typical 
luminous intensity of 2 mcd at 5 mA is 
available without compromising viewing 
angle. From 36¢ (1000). Red LED’s 
23¢ (100,000). National Semiconductors 
Ltd., 331 Cornelia St., Plattsburgh, NY 
12901. Phone(518)561-3160. 

Circle No. 184 





SOLID-STATE (LED) ANALOG METERS 
BANISH OVERSHOOT. Models 7527 and 


7527SM_ offer a bright, 5-in., direct- 
reading LED scale; 15-msec response; dc 
sensitivity of 1 pA F.S.; and F.S. ac 
reading from as little as 10 mV p-p. The 
meters have the ability to display both 
linear and nonlinear signals (square-law, 
log dB, ohms, etc.) as a linear function 
without the need for special conversion 
circuitry. Models are available with 
either horizontal or vertical indication. 
Simpson Electric Co., 853 Dundee Ave., 
Elgin, IL 60120. Phone(312)695-1121. 
Circle No. 185 
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MARK TEN B, 
THE GAS SAVING, PLUG SAVING, 
TUNE-UP SAVING, ELECTRONIC 
IGNITION FROM DELTA. 


NOW AS LOW AS $4995. 


electronics to 
give real per- 
ifeldaat-talexcmr-lare 
increased 
energy. 
Are you a do- 
it-yourselfer? © 
SLUIILOMZelUl aren Ua 


Years of testing 
and use by race | 
Car drivers in all 
categories have 
proven Delta's 
Mark Ten B the 
aaley-j Gr-lenise-taversve| 
ignition system 


on the market today. : 

Prove it to yourself. Give you car vroooom! 
With a Mark Ten B Capacitive Discharge Igni- 
tion System under the hood of your car great 
things will happen...like reducing costly 
tune-ups by as much as 75%. Further, you get 
better all-weather starts, quicker acceleration 
Valen el-1 a>) aiaalitcr-leloy 

Many operational problems caused by 
Taal tsto}(@] alm ere) ah age) mel =\vaie1=s-¥em oLele) amant-Valice)(oliale mele 
improper fuel mixtures disappear. Delta's 
Mark Ten B even improves the performance 
of brand-new factory installed electronic 
ignitions (Chrysler and Ford). Factory systems 
merely eliminate points and condenser, but 
the Delta Mark Ten B combines the advan- 
tages of capacitive discharge with solid state 


Mark Ten B...it’s 

available in low-cost 

kit form. Or, if you prefer, 

(o[=) dad al-mrexe) aa] e)(=1 (oma -t-(eh’ea cond ialsie-li| 

unit. Either way, you can install it 

yourself in minutes with no rewiring, even 
over Chrysler and Ford systems. 

WY FeUi in dao wmoxel6| ele) amn cerer-h’ar-l ale mel fsere)\-1 am aloha ce 
enjoy happy motoring with Delta’s Mark Ten 
B. The do-it-yourselfer's dream that really 
pays off. 


DELTA PRODUCTS, INC. 


P.O. Box 1147, Dept. EDN Grand Junction, Colo. 81501 
303-242-9000 


L] Please send me free literature. 

Enclosed is $ L] Ship ppd. () Ship C.O.D. Please send:___—————s«s Mark Ten B assem- 

bled @ $64.95 ppd. ————SS—sC Mark Tern B Kit @ $49.95 ppd. (12 volt negative ground Only} Stan 

dard Mark Ten assembled, @ $49.95 ppd. 6 Volt: Neg. Ground Only ___————Ss 122 Volt: Specify 
Pos. Ground Neg. Ground Standard Mark Ten Deltakit® @ $34.95 ppd. 


(12 Volt Positive or Negative Ground Only) 
Gar Year 2321 es Make 
Name 


Address 
City/State 


For more information, Circle No. 59 





COMPONENTS/MATERIALS 


NYLON D-CLAMPS FEATURE POSITIVE 
LOCKING. This 2-piece nylon D-Clip 
provides a positive lock for wire and 
cable loads up to 1-in. high and 1/2 to 
1-1/4-in. wide. The U-piece fastens with 
a single 3/16-in. flat head screw. After the 
bundle has been placed in the U-piece, 
the arms are compressed with fingertip 
pressure and a keeper piece is inserted 
against the bundle. Releasing the arms 
provides a positive lock. Free samples 
are available. Richco Plastic Co., 5825 N. 
Tripp Ave., Chicago, IL 60646. 
Phone(312)539-4060. Circle No. 186 


1W CONDUCTIVE-PLASTIC POTS HAVE 
1/4-IN. THICK BODY. Only 3/4-in. in dia. 
and rated 1W@70°C, Models 3851 and 
3858 provide low contact resistance 
variation. Resistance range available is 
1000 to 100,000 +20%. Independent 
linearity is +10% and rotational life is 
100,000 cycles. These units meet or 
exceed MIL-R-94 requirements. 85¢ up 
(500). Bourns, Inc., 1200 Columbia Ave., 
Riverside, CA 92507. Phone(714)684- 
1700. Circle No. 187 





STEPPING MOTORS WITH 500, 720 AND 
1440 STEPS/REV. ADDED to the HDM-150 
Responsyn line. The 500 step/rev. motor 
is rated at 7.5 in. Ib. torque, the 720 and 
1440 step ones 10 in. Ib. Max. stepping 


100 





rates are 1500 steps/sec for the 4-phase, 
720-step motor, 2000 steps for the 
500-step one and 3000 steps for the 
8-phase, 1440 step motor. Responsyn 
Products, Bldg. 3G, Sixth Rd., Woburn 
Industrial Park, Woburn, MA 018071. 
Circle No. 188 


30-CONTACT PC-BOARD JOINER CAR- 
RIES 3A. Three-in. long and 0.098-in. sq, 
these sub-miniature right-angle pc- 
board joiners have 30 contacts on 
0.100-in. centers. Their diallyl phthalate 
molded body has a temperature range 
up to 257° F. Contact tips are tin-plated, 
0.02-in. in dia. by 0.145-in. long. 
30-contact joiner, $2.79(100). National 
Connector, 9210 Science Center Dr., 
Minneapolis, MN 55428. Phone(612)533- 
3533. Circle No. 189 





PELTIER MODULES PROVIDE ADJUST- 
ABLE, REVERSIBLE COOLING. They 
generate a cold-face temperature of 
—15°C with the hot face held at +45°C 
when 9A are passed. A cooling power of 
20W is obtainable from a Peltier element 
that measures 27.5 mm wide x 53 mm 
long xX 4.5 mm thick and weighs 25g. 
Greater cooling power is gained by 
connecting modules in parallel thermal- 
ly, but électrically insulated from 
hardware. $40. Jermyn, 712 Montgomery 
St., San Francisco, CA 94111. Phone- 
(415)362-7431. Circle No. 190 


HAND TOOLS INSTALL FLAT CABLE 
CONNECTORS. Model 779-1000 installs 
flat cable to 14- and 16-pin DIP plug 
connectors, while Model 779-2000 in- 
stalls both 14- and 16-pin DIP plugs and 
wrap-post transition connectors for 
cable widths of 20 to 50 conductors. A 
controlled cycle assures a positive 
connection every time; for once the 
cycle is initiated, the tool jaws cannot be 
opened until the full compression stroke 
is completed. 779-1000, $80; 779-2000, 





$140. Ansley Electronics Corp., 3208 
Humboldt St., Los Angeles, CA 90031. 
Phone(213)223-2331. Circle No. 191 





“SKINNY STRIP” SOCKET PROVIDES 25 
CONTACTS SPACED 0.1 IN. Individual 


SB-25-100 strips are 25 contacts long, but 
may be cut or butted together without 
changing the 0.1-in. spacing. Their 
closed-entry, chamfered lead-in con- 
tacts are beryllium copper, plated with 
either gold or tin. Terminals are the 
solder-tab type and the body is 
glass-filled nylon. Robinson-Nugent, 
Inc., 800 E. Eighth St., Box 470, New 
Albany, IN 47150. Phone(812)945-0211. 
Circle No. 192 


SOLDERLESS PC-BOARD CONNECTOR 
TERMINATES 50 CONDUCTORS. Blue 
Streak® connectors are of 1-piece 
design. They are available in pin lengths 
to accommodate pc-board thicknesses 
of 0.031 to 0.094-in. A ‘‘tulip’’ contact 
design provides 4 contact points/con- 
ductor. Temperature rating is 105°C, 
current rating is 1A and dielectric 
strength is 1500V dc. The connectors are 
terminated to flat cable with 28-30 AWG 
solid wire or 28 AWG stranded wire. 
Ansley Electronics Corp., 3208 Humboldt 
St., Los Angeles, CA 90031. Phone- 


(213)223-2331. Circle No. 193 


HV RESISTORS TO 2000 MQ). HAVE 0.1% 
LONG-TERM STABILITY. Type MG 
power film resistors employ Micronox® 
resistance films to provide from 2000 to 
2000 MQ. Thev can be operated 
continuously at voltages as high as 
30,000V. One model, MG 815, will 
dissipate 15W in an encapsulated resistor 
measuring only 6 in. L x 3/8 in. dia. 
Typical full-load stability is 0.1%/1000 
hrs. at 125°C. Delivery: samples in 3 
working days, production quantities, 4 to 
6 wks. Caddock Electronics, Inc., 3127 
Chicago Ave., Riverside, CA 92507. 
Phone(714)683-5361. Circle No. 194 
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This Model 30 


portable function generator 
oes from 





2 Hz £5200 kHz with 


sines, squares, triangles, 


and linear 
orlog sweeps. 





And itgoes for 
$149." 





WAVE TE Ke For more information, Circle No. 60 | 


P.O. Box 651, San Diego, Calif. 92112 
TWX 910-335-2007, Tel. (714) 279-2200 
















SEMICONDUCTORS 





Nie INTERNATIONAL 


broadband 
amplifier 


MODEL 150-299 



















- POWER TRANSISTORS HANDLE UP TO 
80V. Packaged in TO-36 housings, the 
series contains five 12A germanium 
power transistors designated 2N173, 
2N174 and 2N441-3. All are hermetically 
sealed and have applications in com- 
puter peripherals, communications 
equipment, audio amplifiers and battery 
operated equipment. $2 and $3. Ger- 
manium Power Devices Corp., Box 65, 
Shawsheen Village Station, Andover, MA 
01810. Phone(617)475-5982. 

Circle No. 195 
















14 db gain—10 to 1,000 MHz 






International's inline amplifier 
provides 14 db gain flat with- 
in 1 db over a range of 10 to 
1,000 MHz. Impedance 50 
ohms. Requires 20 VDC @ 
50 ma. For. increased gain 
additional amplifier may be 
added. Uses BNC type 
terminals. 


SPECIFICATIONS 
Range 









SCHOTTKY ARITHMETIC LOGIC UNIT 
OFFERS HIGH SPEED. This unit is 
designed as a pin-for-pin replacement 
for a like-numbered circuit originally 
offered by T.I. The AM54S/74S181 offers 















10 to 1,000 MHz ; 

the handling of a 4-bit number in 9 nsec 
Impedance and a 16-bit number in 17 nsec. It has the 
Seonins capability of doing 16 arithmetic opera- 
DC Input* tions including add, subtract, double 
20 VDC 50 ma 






and compare. —55 to 125°C is $45(100); 0 
to 70°C, $10(100). Advanced Micro 
Devices Inc., 901 Thompson PI., Sun- 
nyvale, CA 94086. Phone(408)732-2400. 


Circle No. 196 






Gain* * 
14 db 


Flatness 
+ 1 db (Ref. 500 MHz) 


Operating Temperature 












<2 tO POC 

Noise Fi 

elec STEP-RECOVERY DIODES FEATURE 
HIGH EFFICIENCY. Designed for use as 

ial Output high- and low-order harmonic gener- 






ators, the diodes are available in a variety 
of packages. They have typical outputs of 
0.3W from 10-20 GHz, and 6W in the 3 to 
5 GHz range. Transition times range 
from 50 psec for the high-band units to 
250 psec for the low-band ones. Model 


Output capability for —60 db 
5082-0805 through 0836, $39.85(1-9); 
| 
| 
| 


near intermodulation distortion 
100 MV 
*Will operate 12 to 24 VDC with 
some loss in characteristics. 
**May cascade for additional gain 


with consideration of noise and 
flatness. 


Price $40.00 plus postage 


Write for complete catalog. 









5082-0885(10-20 GHz), $43(1-9). Hew- 

lett-Packard, 1501 Page Mill Rd., Palo 

Alto, CA 94304. Phone(415)493-1501. 
Circle No. 197 







INTERNATIONAL 







GENERAL-PURPOSE OP AMPS JOIN 
FAMILY. Eight general-purpose IC op 
amps are offered as direct replacements 
for industry types 107, 207, 307, 101, 





CRYSTAL MEG. Co., INC. 


10 North Lee 
Oklahoma City, Oklahoma 73102 
405 236-3741 











For more information, Circle No. 67 
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101A, 201, 201A and 301A. These 
dual-supply, high-input impedance 
types can be used in sample and hold, 
comparator, low-freq. waveform gener- 
ator and summing amplifiers. CA307S, 
52¢ (1000); CA101AS, $6.35(100). RCA 
Solid State Div., Box 3200, Somerville, NJ 
08876. Phone(201)722-3200. 

Circle No. 198 


VISIBLE LED’S HAVE JEDEC REGISTRY. 
The IN5909 through IN5912 series 
includes red, green and yellow LED’s. 
Operating and storage temperature 
range for the devices is —40 to 100°C. 
IN5909 and IN5910 are red-emitting 
GaAsP devices with 75° and 100° viewing 
angles, while IN5911 and 1IN5912 are 
green and yellow-emitting GaP diodes 
with 90° angle. Prices are 35¢, 37¢, 99¢ 
and 89¢ (100), respectively. Motorola, 
Box 20912, Phoenix, AZ 85036. 
Phone(602)244-6900. Circle No. 199 


HYBRID OP AMPS OFFER HIGH- 
RELIABILITY AND POWER. HC2000H/1-4 
are solid-state hybrids in metal hermetic 
packages. Rated at 100W and 7A, these 
devices are screened to 4 reliability 
levels that approximate MIL-STD-883. 
Operating from either single or split 
power supplies, the units employ a 
quasi-complementary class B output 
circuit with built-in load protection. 
HC2000H/1, $300(15-24); HC2000H/4, 
$125(15-24). RCA Solid State Div., Box 
3200, Somerville, NJ 08876. 
Circle No. 200 


Phone(201)722-3200. 





4-AMPERE BRIDGE RECTIFIERS FEATURE 
LOW COST. A unique flame-retarding 
material is used in the fabrication of 
these miniature 4A, 55 to 150°C silicon 
units. Rated at 50-800V PRV, with peak 
surge rating of 200A, they are designed 
for pc-board use. 85¢ (5000). General 
Instrument Corp., Semiconductor Com- 
ponents Div., 600 West John St., 
Hicksville, NY 11802. Phone(800)645- 
1247. Circle No. 201 
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\ 
“DIE 


DUAL IN-LINE BRIDGE 


An integrated bridge rectifier ina 
dual in-line package 





ACTUAL SIZE 
PACKAGE 





NEG. POS. 


AC AC 


Another FIRST from Varo Semiconductor, 
Inc. An integrated bridge rectifier in a 
miniature, 4-pin, low-profile DIP. 


The DIB, dual in-line bridge, is compatible 
with automated testing, handling and in- 
serting equipment for production economy, 
handling ease and greatly reduced assem- 
bly errors. They are 100% surge tested at 
25 AMPS and meet moisture resistance re- 
quirements of MIL-STD 2021, method 106C. 
Higher component density, reduced labor 
and materials costs are among other ad- 
vantages offered by the DIB. 


For simplified board layout the four leads 
are on 0.10” (2,54mm) grid spacing. The 
bridge can be used with standard DIP 
sockets. 


Typical applications include electronic cal- 
culators, small permanent magnet motors 
(such as used in shavers and hair dryers), 
solid state relays and similar applications 
where full-wave rectification and small size 
is required. 


Two DIB series are available: ¥ Amp lo at 
55°C, (Ta) with 25V, 50V, 100V and 200V 
(Verm), and a 1 AMP Io at 40°C , (Ta) with 
50V, 100V, 200V, 400V, 600V, 800V and 
1000V (Varm). 


You may never build another discrete diode 
bridge. 


Call Charlie Merz (214) 272-4551 for prices 
and complete information. 





* TM-Varo Semiconductor, Inc. 


VARO 
VARO SEMICONDUCTOR, INC. 


P.O. BOX 676, 1000 N. SHILOH, GARLAND, TEX. 75040 (214) 272-4551 TWX 910-860-5178 


Design us in... we'll stay there 


V Sales Representatives - 
ae Buchanan & cas Assoc. 305-898-7444 ¢ AZ W. W. Posey Co. 602-949-5873 « AR Whiteside Sales 214-231-9771 ¢ CA (NO) W. W. Posey Co. 415-948-7771 * CA (SO) 


orcoran Assoc. 213-823-4589 e CO Sage Sales 810-531-0531 ¢ CT Comp Rep Assoc., Inc. 203-239-9762 * DE Tom Davis Marketers 302-998-0123 ¢ FL Buchanan & Abrams 

rhe) 305-898-7444 e GA Buchanan é Abrams Assoc. 305-898-7444 ¢ IA Coombs Assoc. 312-298-4830 ¢ IL (NO) Varo Semiconductor, Inc. 312-627-3802 ¢ IL (SO) 
Beneke & McCaul 314-567-3399 © IN Technical Reps, Inc. 317-849-6454 e KS Beneke & McCaul 816-765-2998 © KY Technical Reps, Inc. 317-849-6454 ¢ LA White- 
side Sales Co. 214-231-9771 «© ME Comp Rep Assoc., Inc., 617-444-2484 * MD Tom Davis Marketers 703-591-7390 * MA Comp Rep Assoc., Inc. 617-444-2484 ¢ Mi 
Davis-Martensen Co. 313-474-8300 e MN Loren F. Green Assoc. 612-781-1611 « MS Buchanan & Abrams 305-898-7444 e MO Beneke & McCaul, Inc. 314-567-3399 
° NB Beneke & McCaul 816-765-2998 © NJ (NO) Cooper-Simon & Co. 516-487-1142 ¢ NJ (SO) Tom Davis Marketers 302-998-0123 * NM W. W. Posey Co. 602-949-5873 
e NY (METRO) Cooper-Simon & Co. 516-487-1142 *« NY (UPST) Bob Dean, Inc., 607-272-2187 * NC Buchanan & Abrams Assoc. 704-332-4974 ¢ OH (NO) J. C. Hofstetter 
Co. 216-241-4880 & 216-725-4477 © OH (SO) J. C. Hofstetter Co. 513-296-1010 * OK Whiteside Sales Co. 214-231-9771 * OR C. K. Shanks & Assoc. 503-292-5656 
¢ PA (E) Tom Davis Marketers 302-998-0123 « PA (W) J. C. Hofstetter Co. 412-561-5454 * RI Comp Rep Assoc., Inc. 617-444-2484 « SC Buchanan & Abrams Assoc. 
704-332-4974 © TX Whiteside Sales Co, 214-231-9771 ¢ UT Sage Sales 801-531-0531 * VA Tom Davis Marketers 703-591-7390 « WAC. K. Shanks & Assoc. 206-632-4290 
e WI Varo Semiconductor, Inc. 414-782-7590 e« CANADA « ONT Cantronics, Ltd. 416-661-2494 * QUE Cantronics, Inc. 514-341-5207 


For more information, Circle No. 62 
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COMPUTER PRODUCTS 





silicon gate n-channel MOS RAM 
packaged in a 22-pin plastic or ceramic 
DIP with the industry standard pin 
configuration. Access, read and write 
cycle times are 420, 690 and 970 nsec, 
respectively. A fully decoded, single 
clocked, TTL-compatible design that 
operates on +5, —5 and +12V supplies, 
it allows a typical array of 32k bytes to 
Operate at 4W average power. Intel 
Corp., 3065 Bowers Ave., Santa Clara, CA 
95051. Phone(408)246-7501. 

Circle No. 202 


rouble- 
Now trace signals or t wire unused 


fast. Inject signals or 
veut into existing boards. Scope probes, 


test leads lock on 


to Dynagrip inset. Plastic 


construction — no springs oF 


ivots. Thousands of 
iperations. Narrow throat 


for high density pe : - 

boards. te 
-pin Proto-Clip: $4.50 each. 

oie Proto-Clip: $4.75 each. 


today from distributor or | 
Gece Specialties Corp. 
Box 1942, 


New Haven, CT 06509 - o — 


Telephone: 203/624-3103 


Unique 
DYNAGRIP 
inset keeps 
probes from 


slipping 





For more information, Circle No. 79 
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MIDAS LENDS MINICOMPUTER EYES 
AND HANDS. The Modular Interactive 
Data Acquisition System is user-oriented 
for controlling and monitoring instru- 
mentation programs. It can stand alone 
with a teleprinter, or interface with any 
mini, or connect to a_time-shared 
network and is RS232C compatible. 


Speeds from 10 cps to 50,000 baud can 
be handled. All internal dialogue is in 
ASCII. Housing, power supply and 
controller cost $1900; modules are $425 
and up. Compumetrics, Inc., 12220-B 
Wilkins Ave., Rockville, MD 20852. 
Circle No. 203 


Phone(301)770-2455. 





SOCKET LOGIC CARDS OFFER A 
VARIETY OF FEATURES. Four type 785 
cards can mount either 14- or 16-pin 
DIP’s in sets of 5 or 4, respectively. 
Common ground and power connec- 
tions are selectable. All cards contain 
power supply and high-frequency by- 
pass Capacitors. These 4-1/2 in. cards fit 
in files 0.625 in. on center and are 


CMOS, MOS, TTL and DTL compatible. 
Colored test points have wire-wrap 
terminations. Cambridge Thermionic 
Corp., 445 Concord Ave., Cambridge, 
MA 02138. Phone(617)491-5400. 

Circle No. 204 





MAGNETIC WAND DISPLACES OPTICAL 
AND LASER SCANNERS. Especially 
designed for electronic cash registers, 
the model MW-500 magnetic wand is 


capable of reading both character and 
coded data that is pre-recorded magneti- 
cally (or stamped with magnetic ink) on 
sales slips, tags or cartons. Recording 
density is up to 300 bpi with a data 
transfer rate to 12,000 b/sec. $118.95. 
Advanced Magnetic Products, Inc., 
7067-1/2 Vineland Ave., North Hol- 
lywood, CA 91605. Phone(213)764-4712. 

Circle No. 205 


PDP-11 USERS ARE NOW OFFERED A 
P103 SOFTWARE PACKAGE. The P103 
9-program package—usable with a 
PDP-11 computer, 4k of memory, a 
teletype, and a CartriFile unit—is 
comparable to DEC programs on paper 
tape for high- or low-speed paper tape 
readers and punches. Except for the 
Cartrifile IOX routine, the package is 
supplied on cartridge tapes for CartriFile 
10, 20, and 40 memory systems. ASCII 
source tapes are also available. $250. 
Tri-Data Corp., 800 Maude Ave., Mt. 
View, CA 94040. Phone(415)969-3700. 
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DISTRIBUTION SYSTEM HANDLES 32 
CHANNELS OF ANALOG DATA. The 
DDS-32 is a D/A conversion and 
distribution system. It presents a stored 
8-, 10- or 12-bit data word as an analog 
signal to an address-selected output 
channel. Settling time is 2 psec to 
+0.0025% of F.S., and analog output is 
unipolar or bipolar at 5 or 10V with a 
+10 mA drive. Unit height is 3-1/2 in. and 
operation is 47 to 63 Hz, 115/230V. $1360. 
Datel Systems, Inc., 1020 Turnpike St., 
Canton, MA.02021. Phone(617)828-8000. 

Circle No. 207 


VIDEO INVERSION TELLS IF DATA IS 
FIXED OR VARIABLE. The Model 4011 
video terminal edits with a standard 
keyboard plus a numerical-key cluster. 
Its display capacity is 1728 characters (27 
lines with 64 cpl), and numerical entries 
are automatically right justified. The 
terminal can be hardlined up to 2000 ft. 
or remoted via phone lines. It provides 
control for a printer echo of CRT or 
computer input data. $5950. Qantel 
Corp., 3525 Breakwater Ave., Hayward, 
CA 94545. Phone(415)783-3410. 

Circle No. 208 


EDN OCTOBER: 20,4974 


thinsheet 


a better source for your thin gauge 
NICKEL/MONEL® ALLOY 400/CDA 194 


When quality and uniformity are critical to the reliability factors of your 
semiconductors, connectors, lead frames, bases and cans, you can specify 
Thinsheet with complete confidence. Our facilities, quality control, and 
reputation are the finest. Thinsheet now supplies Nickel 200, 233, 270, 

Monel Alloy 400, and CDA 194 in gauges from .020” to .001”. Widths from 

Y%4" to 25”. Thinsheet also supplies thin 
gauge copper, brass, phosphor bronze, 
nickel silver, stainless steels, including 
& Inconel 600® and 718, and tin coated 
metals. Deliveries are prompt, in 
many areas direct with our own 

. fleet of trailer trucks. Phone (203) 
, 756-7414 (in Newark, N.J. area 
direct line on 642-1624). The 
Thinsheet Metals Company, 
Waterbury, Connecticut 06720. 





























HIGH-SPEED MULTIPLEXER USES 8080 


uP. The MicroPac RT multiplexer 
harnesses the Intel 8080 micro CPU for 
use as a remote industrial terminal. 
MicroPac RT is to be installed next to the 
process with which it is connected and is 
able to interface with any analog or 
digital instrumentation. Because of the 
multiplexing function of the micro CPU, 
the MicroPac RT can communicate with 
any central computer via coax or twin-ax 
cable. This saves up to 50% in cabling 
costs. Process Computer Systems, G- 
4025 S. Center Rd., Flint, MI 48507. 
Phone(313)744-0225. Circle No. 209 
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4-Layer diodes are replacing SCRs. 
It’s True. 
New 4-layer diodes from American Power 


troublesome  self-triggering problems — 
common with many SCRs. 


Devices are replacing SCRs in all kinds of 
applications. From high speed pulse 
generation to timing circuits and level 
detection. And best of all, in many 
applications, they are priced to compete 
with what you probably can't get right 
now, low-level switching SCs. 


They’re Fast. 


A 4-layer diode can switch 100mA in 
AOOns. (Turn-off.) Try that with an SCR. For 
example; in high speed pulse modulator 
Circuits. 


They're Simple and Reliable. 


A 4-layer diode is the simplest of alll 
thyristor products often requiring only one- 
half the bias circuitry of many SCks. 
Tum-on is accomplished by pulsing the 
anode. Moreover, 4-layer diodes eliminate 



































MULTIPLEXER IS ASYNCHRONOUS; 
SPEED AND CODE TRANSPARENT. The 
TDM-700 transparent digital multiplexer 
accepts up to 204 low-speed asynchro- 
nous signals from teleprinters and/or 
other data sources. Using time-division 
multiplexing and transition encoding, 
inputs are multiplexed into a synchro- 
nous high-speed output of 54 or 64k bps. 
The output interface can be a 56k bps 
modem, T-1 multiplexer, or 56k bps 
bipolar cable driver/receiver. Comtech 
Laboratories Inc., 135 Engineers Rd., | 
Smithtown, NY 11787. Phone(516)231- 

5454. Circle No. 210 | 



























































They're Small. 


American Power Devices’ 4-layer diodes 
are available in both DO-35 and DO-7 
packages. Ideal for applications where 
space is at a premium such as telephone 
cross-point switching. 


They’re Available. 


One of the best things about 4-layer 
diodes is that they‘re available right now. 
Off-the-shelf. At prices that are competitive 
with low-level SCIs, a very scarce com- 
modity lately. Now, that's a switch. 


American Power Devices manufactures 
more than 75 types of 4-layer diodes with 
switching voltages from 20V to ‘100V. 
Call Bob Dimodana at (617) 475-4074 for 
technical data, pricing, and firm de- 
livery Cates. 


4-layer diodes - stabistors - planar diodes - zener diodes 


> 
As american power devices, ime. Wecan deliver. 
races 7 Andover Street, Andover, Massachusetts 01810 - (617) 475-4074 






For more information, Circle No. 64 
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When you want better ways to 
cool semiconductors, our ideas 


aren't frozen! 


That's because we're the only 
designer and builder of both the 
semiconductors and heat sinks. We 
know exactly what can and can’t be 
done to make both work perfectly 
together. 

For 15 years we've built air and 
liquid cooled heat sinks of all sizes 
for the world’s leading users. 

No one can give you a quicker, 
better match between your cooling 
problem and its solution. That goes 
for new designs, or heat sinks right 


COMPUTER PRODUCTS 





FLOATING-POINT SYSTEM EMULATES 
NOVA FORTRAN 5. FPS ‘‘faster’”’ Fortran 
IV for Nova users is an integrated 
hardware/software package. Its FP-09 
processor is a 2-piece card arithmetic 
unit built with monolithic TTL IC’s for the 
microprogrammed instruction set. The 
run-time library includes symbol redefi- 





sca la abet et nition plus 94 subroutines that provide 
or our Heat Sin mo 

more details contae: your local IR speedy computations for all functions 
office, distributor, or the factory. known to Fortran 5. Delivery is 60 days 


ARO. $4500 (plus $500 for software). 
Floating Point Systems, Inc., 3160 S.W. 
87th Ave., Portland, OR 97225. 
Phone(503)297-3318. Circle No. 211 


... the innovative power people 


INTERNATIONAL RECTIFIER 


Semiconductor Division, 233 Kansas Street, El Segundo, California 90245, Phone (213) 678-6281 


“DO IT YOURSELF” ADD-ON MEMORY 
FOR IBM 360/25 USERS. The 360/CORE 
25 memory consists of a series of 
simple-to-use modules that enable 
nontechnical computer operators to 
perform installation, expansion, testing, 
maintenance and repair of their System/ 
360 Model 25 processor memories. The 
modules are available in memory sizes of 
16k, 24k or 32k bytes. 360/CORE 25 is 
packaged in plug-in modules. Delivery, 
90 days ARO. $36,000. Cambridge 
Memories, Inc., 12 Crosby Dr., Bedford, 
MA 01730. Phone(617)271-6300. 

Circle No. 212 
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SPEED UP YOUR DEVELOPMENT OF 


Whether it’s white, gray, or black, we guarantee it for two years. MICROCOMPUTER SOFTWARE. The L 
It’s our 1776 Thumbwheel Switch, with such features as 8, 10, 12, Series THBP SPeSe PUNGHEH tape seam 
ene provides for faster loading of programs 

and 16 dial positions, 40 codes, an enclosed switching chamber, and reading of source and other tapes. 
provision for motherboard installation, and field replaceable stop =|. The LHR reads 5-, 6-, 7- or 8-level paper 
and paper-polyester or metallized poly- 
pins. All standard at absurdly low prices, from stock at G.S. Mar- ester tape, fan-fold or rolled, at 200 cps. 
shall, Schweber, and Hall!Mark. And with lots of options from us. (20x faster than an ASR33_ reader). 


Complete electronics are included for 





interfacing to L Series computers, with 

direct plug-in to new enclosures, or 

wiring into older models. Control Logic 

Inc., 9 Tech Circle, Natick, MA 01760. 

1441 East Chestnut Avenue/Santa Ana, California 92701/ Phone 714/835-6000 Phone(617)655-1170. Circle No. 213 


For more information, Circle No. 66 
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MICROPROGRAMMED DISC SYSTEM 


SETS COST/PERFORMANCE RECORD. 
This low-cost disc drive system with a 
microprogrammed controller for min- 
icomputers provides reprogramming 


capability with self-run diagnostics for | 


large capacity, high-speed random- 
access mass storage. Over 116 million 
8-bit bytes of data can be stored on each 
disc drive unit and 4 drives are handled 
by 1 controller. Delivery is 60 days ARO. 
$19,000. Pico, 1616 S. Lyon St., Santa 
Ana, CA 92705. Phone(714)835-0465. 


Circle No. 214 





TAPE SYSTEM HANDLES 7 
COLLECTION TERMINALS. Model 8090 
magnetic tape pooler enables local and 
remote data-collection terminals to 
generate industry-compatible magnetic 
tapes for computers. It also can read and 


transmit magnetic-tape data generated | 





DATA- | 









| 


by a computer to the data collection | 


terminals. A CRT display with keyboard 
gives operator control. Monthly lease is 
$496 to $545. $17,440. Sanders Data 
Systems, Inc., Daniel Webster Hwy. S., 
Nashua, NH 03060. Phone(603)885-3727. 


Circle No. 215 


These new T-2, 6.3V, 2.1 amps, 75 hour GE halogen cycle 






New and improved 
General Electric lamps 
provide for increased 
design fiexibility. 


Two new sub-miniature halogen cycle 
lamps ideal for miniaturization. 













lamps are the smallest of their type (.265”) and 
set industry standards for size and light 
output (16-20 candlepower). They are 
perfect for miniaturization of equipment 
such as reflectors, housings and optical 
systems. They also save on overall cost 
of equipment and are less than half 
the cost of the #1973 quartz lamp they ¢ 
replace. | 

Two terminal configurations are 
available. #3026 (20 candlepower) has 
wire terminals. #3027 (16 candlepower) has 
that plugs in to make installation and removal a snap. Samples of the #3027 
lamp are available in limited quantities now; production quantities will be 
available in the first quarter of 1975. These lamps have an iodine additive 
that creates a regenerative cycle that practically eliminates normal bulb 
blackening. They will produce approximately 95% light output at 75% of 
rated life. 


An expanded line of Wedge Base Lamps 
for simple, low-cost circuitry. 


Now you can have greater design freedom than ever before 
with wedge base lamps. GE now offers six large lamps in its 
line of T-1% (.230” max.) all-glass, sub-miniature wedge base 
lamps. In addition to our three 14V lamps (#37, #73 and #74), we 
ie also offer two 6.3V lamps (#84 and #86) and a 28V lamp 
(#85). 

These lamps are ideal for applications where space is at a premium. Their 
wedge-based construction allows you to design for low-cost sockets and 
virtually ends corrosion problems because they won't freeze in the sockets. 
And the filament, which is always positioned in the same relation to the base, 
offers more uniform brightness. | 


tet 





Green Glow Lamp has been improved 
over previous lamp. 


Actual Size 
Now our G2B Green Glow Lamp, the only domestic green 
lamp on the market today, gives a more uniform, purer green light than our 
previous model. It’s bright enough for your circuit component applications. 
With appropriate current limiting resistors, it can be used for 120/240 volt 
green indicator service. Or used together with our high-brightness C2A red/ 
orange/yellow glow lamps to emphasize multiple functions with color. 

All GE glow lamps give the benefits of small size, rugged construction and 
low cost — 12¢ each for the G2B, 4.4¢ each for the C2A in 100,000 quantities. 








Send today for newest literature. 


For the most up-to-date technical information on any or all of these lamps, 
write: General Electric, Miniature Lamp Products Department, #0749-K, 
Nela Park, Cleveland, Ohio 44112. 


GENERAL @@ ELECTRIC 


For more information, Circle No. 67 
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CIRCUITS 








DATA ACQUISITION AND CONTROL 
SYSTEM UPS SAMPLE RATE. Model 
500-DGC plugs into one slot of the 
mainframe of any Nova or Supernova 
minicomputer. The unit has up to 
64-channel multiplexer capability. It 
contains a high-speed sample and hold, 
a 12-bit ADC, 2 12-bit DAC’s and a 
program interrupt I/O interface that 
connects to the minicomputer bus. 
Channel-to-channel sampling rates of 
100,000 samples/sec possible. $1800 (16 
channel), $1990 (32 channel). ADAC 
Corp., 29B Cummings Park, Woburn, MA 
01801. Phone (617)935-6668. 

Circle No. 216 





SEQUENCE CONTROLLER PROVIDES 
HIGH PERFORMANCE AT LOW COST. 
Model 1033 is designed to periodically 
connect the ac line voltage to as many as 
16 different loads for controlled periods 
of time. Current requirements of the 
load can range up to 8A. Card-mounted 
controls set the duration of load 
energization and the rate at which the 
load is pulsed. Operating temp. range is 
—55 to +125°C. $130, with delivery of 2-4 
wks. ARO. Libra Systems Corp.,1055 W. 
Germantown Pike, Fairview Village, PA 
19409. Phone(215)631-0900. 

_ Circle No. 217 


AMP DESIGNED FOR LINE-OF-SIGHT 
COMMUNICATION SYSTEMS. Deliver- 
ing 1W min. at 7725-8275 MHz, the 
VCM-5004 incorporates a power output 
monitor, self contained input-output 
circulators and current regulators. NF 
rating is 33 dB, gain 27 dB min., phase 
linearity +2°/40 MHz and amplitude 
linearity +0.2 dB/40 MHz. Operating 
temp. range is 0 to 55°C. Raytheon Co., 
130 Second Ave., Waltham, MA 02154. 
Phone(617)890-8080. Circle No. 218 


HIGH-POWER AMP FEATURES RE- 
PLACEABLE MODULES. Operating over 
the frequency band of 1750 to 1850 MHz, 
the PWA 1718-12 delivers 132W of 
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saturated output power. Features in- 
clude 50-dB gain, output circulator for 
protection against load mismatches and 
stripline and MIC construction. Dc input 
is +28V at 19A max. Input and output 
connectors are SMA type N female. 
Microwave Power Devices, Inc., Adams 
Ct., Plainview, NY 11803. Phone 
(516)433-1400. Circle No. 219 


MINIATURIZED RF FILTERS HANDLE 
PC-BOARD APPLICATIONS. The TSC 
filters are 0.1-dB Chebyschev fixed- 
frequency types, with center frequencies 
from 40 to 500 MHz and bandwidths 
from 1 to 5%. They can handle up to 5W 
average input power (30W, peak). 
Typical figure for insertion loss is 1.4 dB 
for a 10% bandwidth, 4-section unit at 
250 MHz. $195-$300. Telonic Altair, 21282 
Laguna Canyon Rd., Laguna Beach, CA 
92652. Phone(714)494-9401. 

Circle No. 220 





VOLTAGE/FREQUENCY CONVERTERS 
ARE LINEAR TO BELOW 1 mW. All VFC 
models come in A, B or C versions with 
gain TC of 20, 10 and 5 ppm, 
respectively. Models 820 through 823 
draw under 26 mW. They have 1-kHz and 
10-kHz output freq. for 5V or 50 pA 
inputs with 0.01% linearity guaranteed 
down to 0.5 mV or 5 nA. The 830 series 
has high-impedance inputs with 80 dB 
CMRR. F.S. output with 10V input is 40 
kHz, with linearity of 0.01% to under 1 
mV. $69-$249. Dynamic Measurements 
Corp., 6 Lowell Ave., Winchester, MA 
01809. Phone(617)729-7870. 

Circle No. 221 


DC/DC CONVERTERS MULTIPLY VOLT- 
AGES, INVERT POLARITIES. Models are 
available in flatpack, 16-pin DIP and 
modular packages. Model PS1601F 
converts +5V to —5V at 25 mA. The 
PS1602F produces +15V at 20 mA from 
+5V, while the PS1603F accepts +12 to 
+15V and outputs inverted voltages at 


short-circuit 





120 to 130 mA. The PS1652M operates 
from +12 to +16V, and produces +250V 
at 20 mA, —12V at 50 mA and +5V at 160 
mA. Commercial and military versions 
are available. LRC, Inc., 1001 Digital Dr., 
Hudson, NH 03051. Phone(603)883-9351. 
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IF FILTER/EQUALIZERS FIT SATELLITE 
COMMUNICATION NEEDS. Available in 
10 different models, one for each 
INTELSAT IV band, the filter, equalizer 
and amplifier are all housed in one 
rugged package. The units have an 
insertion loss of O+1 dB, and are 
interchangeable with the GTE_ Italia 
608-051/55-64 self-equalized IF filters. 
Amplitude and delay distortion are typ. 
tenths of a dB and 3 to 5 nsec, 
respectively. AIL, Deer Park, NY 11729. 
Phone(516)595-5823. Circle No. 223 


MODULAR DC/DC CONVERTERS 
OFFER MULTIPLE OUTPUTS. Each sup- 
ply in the Series 200 offers up to 4 
independent regulated outputs. Each 
output is transformer isolated and 
protected. Total output 
power is up to 15W for any combination. 
One available combination is +15V at 


0.25A, +5V at 1A and 200V at 10-20 mA. 
Dc inputs range from 11 to 54V. Modules 
Start at $145 with delivery 6-8 wks. ARO. 
Powercube Corp., 214 Calvary St., 
Waltham, MA 02154. Phone(617)891- 
1830. 
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XTAL DETECTOR FEATURES FIELD- 
REPLACEABLE DIODE ELEMENT. Model 
1113 features freq. response flatness 
better than +1 dB over the 0.1 to 18 GHz 
freq. range. Sensitivity is 0.4 mV/uwW 
min. at low levels, and 100 mV/0.4 mW at 
high levels. VSWR is 2:1 max. Model 
1113 is available with neg. (—1) or pos. 
(—2) output polarity. The diode element 
is easily replaced or reversed in the field 
without special tools. Weinschel Engi- 
neering, Gaithersburg, MD 20760. 
Phone(301)948-3434. Circle No. 225 
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For A Choice 
of Printed Circuit 
Mountable 
Connectors 


Miniature and Sub-Miniature 






SMPL 
SERIES 













GMPL 
SERIES 






SERIES 


Contact Positronics! 


We offer both miniature and 
subminiature Pin and Socket 
Connectors for Printed Circuit 
mountable applications. 

Right angle or vertically 
mounted styles are offered as 
standard and provide an easy 
way to make direct cable con- 
nections to a P/C board or 
flexible circuit. Greater contact 
densities can also be achieved. 

Standard GM and SGM 
series connector accessories such 
aS guides, threadlocks, and vibra- 
tion locks are used on the 
SMPL and GMPL connectors so 
they can be mated with a stan- 
dard GM or SGM series cable 
connector. 

Contact configurations 
range from 5 to 50 contacts. 
Amperage ratings are 5 and 7% 
amps. 


AVAILABILITY: TWO TO FOUR WKS. 
LOWEST COST PER CONNECTION. 


mew | Positronic 
(i Industries, Inc. 


1906 South Stewart 
CONNECTOR Springfield, Mo. 65804 
DIVISION 417 883-3434 
Representatives and Distributors 
located in all principal cities. 





+ 


Send for Catalogs. Samples 
available for specific applications. 


For more information, Circle No. 68 















~ PERFORATED 
MATERIAL 


FOR INDUSTRIAL OR 
DECORATIVE USES 
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Square holes 


H & K can perforate the desired pattern 
and open areain metallic or non-metallic 
materials available in coils, sheets or 
plates—from foil thin to 1” thick. 


A vast number of existing dies pro- 
vides you with a selection from literally’ 
thousands of patterns, which can be 
perforated to your specifications with- 
(ol U) arcu Coxe) itaye monat-taer-mam namr-Cefennareyammentclan’) 
designs are available for immediate 
shipment in steel, aluminum and tin 
plate sheets, and brass rolls. 


ecco 
Round holes 


Slots 





Oblong holes 


See what a difference over 90 years of 
quality and experience can make... 


Write for FREE 
e 180-PAGE GENERAL CATALOG NO. 90 
e STOCK LIST OF PERFORATED METALS 





Oval holes 


FIND NEAREST 
Hak AGENT 
‘Yellow Pages’ 

rs 


- 





Decorative patterns 


J4arrington & ing 
PERFORATING CO., INC. 


EASTERN DIVISION 
E. Crescent Ave. at Arrow Rd. 
Ramsey, New Jersey 07446 











CHICAGO OFFICE AND WAREHOUSE 
5650 Fillmore Street 


Chicago, Illinois 60644 Listed Under 


“Perforated Metals” 











For more information, 









Microprocessors are 
Logic Elements...and 


Pro-Log can prove it? 


Our 4-bit microprocessor system can 
replace a rack full of your TTL chips. 
You'll save design time and produc- 
tion costs. No big redesign jobs for 
options or changes because the logic 
is stored in reprogrammable ROMs. 
Our programmed logic systems are 
available now, off the shelf. 


Our PLS-401 microprocessor system 
costs less than $400 in a quantity 
of one, with substantial OEM dis- 
counts. Plus we've got all the support you need: Design manuals, 3- 
day intensive design course, PROM Programmers, System Testers, 
special interface cards (including opto-isolator, triac, and driver cards) 
and support hardware to make your system go together smoothly. 





Logic Processor Systems from 
Pro-Log 


Call or write to 852 Airport Boulevard, Monterey, California 93940, (408) 372-4593 





For more information, Circle No. 70 


109 








EQUIPMENT 


-0 
$ ROBES Be 5 

BATTERY - OPERATED LOGIC 
HANDLES ALL 5V SYSTEMS. Model LS-1 
is usable with TTL, DTL, RTL, Schottky 
TTL, low-power TTL and CMOS logic 
circuits. No external power clips are 
required, and the LED indicators on its 
probe tip permit simultaneous viewing 
of the circuit point and indication. There 
is nO power drain except when LED’s are 
lit. Input impedance is 100 k/10 pF. $77. 
Signal Laboratories, Inc., 187 N. State 
College Blvd., Orange, CA 92668. 
Phone(714)538-7280. Circle No. 226 


PROBE 


PRERECORDED AVIATION, NAVIGA- 
TION AND FINANCE PROGRAMS are 
now offered for use with the HP-65 
fully-programmable pocket-sized calcu- 
lator. Aviation Pac | contains 29 different 
programs for use by pilots, including 
Aircraft Flight Plan with Wind. For 
marine navigators, Navigation Pac | lists 
26 different programs such as Long Term 
Aries Almanac. There are 38 typical 
programs in the Finance Pac I, including 
ones for loans, savings and annuities. 
$45/Pac. Hewlett-Packard Co., 1501 Page 
Mill Rd., Palo Alto, CA 94304. 
Phone(415)493-1501. Circle No. 227 


AUXILIARY NUMERIC KEYBOARD 
SPEEDS TELETYPE® DATA ENTRY. Port- 
able and easily connected to a teletype 
terminal, the auxiliary numeric keyboard 
increases throughput and eases numeric 
data entry. Its buffered storage lets it 
accept numbers in bursts, then feed 
them at TTY-acceptable rates. Both 
keyboards remain active at all times. 
$395. IDM, Box 954, Hanover, NH 03755. 
Phone(603)643-2840. Circle No. 228 


POWER MONITOR PROTECTS 3-PHASE 
MOTORS AND EQUIPMENT. Inputs to 
the Model 259 connect directly to the 
power lines at the point to be 
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monitored. The output, a set of dpdt 10A 
contacts, will trip if there is a loss of 
phase, a low-voltage condition or a 
phase reversal. The unit features 
adjustable tripping delay from 1 to 5 sec 
and automatic reset. Standard models 
cover 120, 240, 480 and 575V ac, 50/60 Hz, 
wye or delta. Time Mark Corp., Box 
15127, Tulsa, OK 74115. Phone(918)939- 
5811. Circle No. 229 


SPEED OF OPTICAL PAGE READERS 
REACHES 1000 WORDS/MIN. Model 400, 
replacing Models 100, 200 and 300, reads 
to 110 cps, has only 2 electronic 
adjustments and returns the paper to the 
front of the unit. Model 500 is a Model 
400 with a microprocessor added. The 
processor has 45 generalized computer 
instructions for tailoring the unit to each 
application’s specific requirements. Da- 
tatype Corp., 1050 N.W. 163rd Dr., 
Miami, FL 33169. Phone(305)625-8451. 
Circle No. 230 





TELECOMMUNICATION SYSTEM/TELEX 
INTERFACE can be used with virtually 
any type of terminal. The Series 10006 
can be configured for use with single or 


multiline arrangements. A terminal line. 


card meets standard line signaling 
criteria, and a 20-character program- 
mable answerback is optional for 
systems that do not meet the Telex- 
system answerback requirements. $2000, 
up. NuData Corp., 32 Fairview Ave., 
Little Silver, NJ 07739. Phone(201)842- 
5757, Circle No. 231 


ELECTRONIC COUNTER FEATURES 
BRIGHT PLANAR READOUT. With a total 
display range of 1 to 1999999, the Model 
7026 has a frequency range of 5 Hz to 50 
MHz and is guaranteed accurate to +1 
count. It operates from 117/234V +10%, 
50-60 Hz and draws 25W. Both compact 
and light weight (4x8.5 in. and 6.5 Ibs.), 
it is moved easily to wherever needed. 


The rate of sampling can be adjusted 
from 5 readings/sec to hold. Simpson 
Electric Co., 853 Dundee Ave., Elgin, IL 
60120. Phone(312)695-1121. 

Circle No. 232 





LINEAR SCA 
MULTIMETER UNIQUE. Featuring volt- 
age-range protection up to 2 kV, 
automatic polarity with indication and 10 
MQ input impedance, the PM2503 
provides 3% worst-case accuracy. Cur- 
rent ranges are 1 pA to 1A; voltage 
ranges, 100 mV to 1000V; and resistance 
ranges 1009 to 10 MQ. No zeroing or 
infinity adjustments are required, and 
standard 9V batteries supply 1000 
working hours before replacement. 
$169. Philips Test & Measuring Instru- 
ments, Inc., 400 Crossways Park Dr., 
Woodbury, NY 11797. Phone(516)921- 
8880. Circle No. 233 


AUTOPOLARITY, OVERLOAD PROTEC- 
TION MARK 3-1/2-DIGIT DMM. Model 
282 also offers automatically-positioned 
decimal point, 100% overrange capabili- 
ty, full overload protection and 10 mQ 
input impedance on both ac and dcvV. It 
reads to 1000V ac or dc, 1000 mA ac or dc 
and 10 MQ resistance. Dc accuracy is 
0.5%. $200. Dynascan Corp., 1801 W. 
Belle Plaine Ave., Chicago, IL 60613. 
Phone(312)327-7270. Circle No. 234 


HTL LOGIC CHECKER JOINS DTL/TIL 
VERSION. The A23-2087's viewing screen 
is divided into 16 segments for easy pin 
identification. It’s revised circuitry moni- 
tors positive logic HTL IC’s with V., 
between +11 and +18V. The unit can be 
clipped either way round onto IC’s with 
up to 16 pins. $120. Jermyn, 712 
Montgomery St., San Francisco, CA 
94111. Phone(415)362-7431. 

Circle No. 235 
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And their small, rectangular cases 
—with radial or axial leads— give 
you greater volumetric efficiency. 
Think how KEMET Flat Kap 
Capacitors can save you space 
and money in circuits where 
close tolerance, repeatable 
temperature coefficient and 
capacitance stability are 
essential. 
You're not giving 
up a thing in quality. 
The secret is the unique 
a KEMET Flat Kap construction 
ws —using Union Carbide’s Parylene ultra- 
ae thin dielectric film; special thermoset- 
ting resins; and precision, high-purity 


Win the cost battle. 
Specify new KEMET Flat Kap 
Parylene Thin-Film Capacitors. 

They’re now available in 
extended values from .001 uF 
to .22 uF for applications 
requiring small size, excep- 
tional stability, and 0 £50 
PPM/°C. temperature coef- 
ficient of capacitance. 

Reliability? They’re built to 
meet MIL-C-55514 specifications. 
And designed for an operating 
temperature range of —55°C. to 
mae vate OF 

Choice? They’re available for prompt 
delivery in three tolerances— +10%, 














& 













+5% and +1%. aluminum foil electrodes. 

Price? Above .01 uF, they’re much lower in cost For high-reliability performance at lower cost, 
than NPO Ceramic Capacitors having essentially specify the value champ—new KEMET Flat Kap 
the same performance characteristics (see charts “—_ Parylene Precision Thin-Film Capacitors. 


below). | <a COMPONENTS DEPARTMENT 


PERFORMANCE CHARACTERISTICS P.O. Box 5928, Greenville, S.C. 29606 Phone: (803) 963-7421 TWX: 810-287-2536 





FLAT KAP 














Operating Temperature a 
Range —55° to +125°C. | —55° to +125°C. 0 ee 
a a 
Temperature Coefficient < +——}+— 
of Capacitance 0 +50 PPM/°C. | 0 +30 PPM/°C. g 4 = 
oe fe =2 a ae 
Voltage Coefficient Negligible Negligible : 2 m= 
Dissipation Factor 2 a ro) ae 
@ 1 kHz 0.30% Max. 0.15% Max. oa = 
Insulation Resistance: = = —— 
Megohm-uF at 25°C. 10,000 1,000 - < ow 
Megohm-uF at 125°C. 100 100 5 es mame 
oO 
Dielectric Absorption 1% Max. 0.5% Max. = 2 a Ae aa bl 
So ae 
Volume 3 Of 6 


(0.05 uF Capacitor) 0.045 in? 0.0625 In. 





KEMET is a registered trademark of Union Carbide Corporation 
In Europe: Union Carbide Europe, S.A. 5. Rue Pedro-Meylan, Geneva 17, Switzer 
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For more information, Circle No. 71 
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SILICON RECTIFIERS. A cross reference 


guide, AN-206, lists 2000 devices. This 
10-pg. note also provides typical voltage 
code suffixes and IR rectifier case styles. 
International Rectifier Corp., 233 Kansas 
St., El Segundo, CA 90245. 

Circle No. 236 


FUNCTION MODULES. A 48-pg. product 
and applications guide features dataona 
wide range of function modules, 
including rms/dc converters, op amps, 
analog multiplier/dividers, multiplying 
DAC’s, power supplies and dc/dc 
converters. Considerable information is 
supplied on product applications and 
definition of parameter specifications. 
Intronics, 57 Chapel St., Newton, MA 
02158. Circle No. 237 


FORCED AIR COOLING. Reprints of an 
article entitled, “Forced air cooling in 
high density systems,” are now avail- 
able. The article discusses how this type 
of cooling substantially improves system 
survival. Rotron Inc., Woodstock, NY 


12498. Circle No. 238 


RMEMENS 


MINIATURE BRUSHLESS DC MOTORS 
are described in a 12-pg. brochure. It 
highlights typical applications using 
these versatile motors, as well as 
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covering their operating and design 
principles, key features, circuits for 
speed control, reversal and dynamic 
braking, performance curves and speci- 
fications. Siemens Corp., 186 Wood Ave. 
S., Iselin, NJ 08830. Circle No. 239 


PRIMARY BREAKDOWN VOLTAGE. A 
brief critique of common methods of 
primary breakdown-voltage testing of 
power transistors is offered in 6-pg. 
application note AN-6281. The test set 
described is intended to fill the need for 
accurate, laboratory type sustaining- 
voltage measuring systems. RCA Solid 
State Div., Box 3200, Somerville, NJ 
08876. Circle No. 240 


WASTE PERN SLATS 


& 


TRW ar sewiconpuctors © 


COMMUNICATIONS COMPONENTS. 
The entire product listing of TRW RF 
semiconductors is contained in_ this 
20-pg. catalog (#500). UHF, VHF and 
microwave discrete transistors, mobile- 
radio amplifiers and transistors, and 
hybrid amps and discrete transistors for 
CATV are listed. TRW Semiconductors, 
14520 Aviation Blvd., Lawndale, CA 
90260. Circle No. 241 


ALUMINUM PANELS. This 4-pg. bro- 
chure describes precision-sawed alumi- 
num panels for electronic equipment. It 
lists uses, dimensional tolerances, specs 
and ordering information for both 
standard and custom panels. TCI 
Aluminum, 240 E. Rosecrans, Gardena, 
CA 90248. Circle No. 242 


VIBRATION AND SHOCK CONTROL. 
Bulletin 916 emphasizes off-the-shelf 
bonded rubber mounts, flexible coup- 
lings and damping materials for the 
dissipation of mechanical energy. A 
basic section provides a detailed 





approach to specifying mounts based on 
load and deflection ratings obtainable 
with the bulletin’s vibration efficiency 
curve. Lordco Supply, Box 8069, Erie, PA 
16505. Circle No. 243 


PRET RS. FOSTER. LRAT. & Ahan a 


PERMANENT MaGneTs | 





MAGNETIZING EQUIPMENT. An 8-pg. 
comprehensive guide describes the 
selection and use of simple to automated 
systems for magnetizing, testing, cali- 
brating and stabilizing permanent mag- 
nets. All magnet materials are compared 
in terms of their saturation requirements 
and reactions to adverse fields, time and 
reluctance changes. Indiana General, 
405 Elm St., Valparaiso, IN 46383. 

Circle No. 244 


CONFORMAL COATING METHOD, 
using the Parylene process, is the subject 
of this brochure. It describes this 
pinhole-free process, its electrical char- 
acteristics and its applications. Nova 
Tran Corp., 360 4th St., Box 386, Clear 
Lake, WI 54005. Circle No. 245 





NONMETALLIC 
perform well in corrosive environments 
are described in this illustrated 8-pg. 
catalog. It lists specifications, applica- 
tions, temperatures and tolerances. 
Helenor Trading Corp., 62 Marbledale 
Rd., Tuckahoe, NY 10707. 

Circle No. 246 
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Data Precision Introduces 
a New 4-1/2 Digit D 









ACV *A 


alone] \ ) oome 
OFF = y, 


7) sf 


MODEL 1450 
onty § 32D» complete 


BIG, BRIGHT 1/2 INCH PLANAR DISPLAY 

5 FUNCTIONS: 21 RANGES -100% OVERRANGE 
6 MONTH DC ACCURACY OF +0.02% 

OF READING, + 0.01% f.s. 


Data Precision’s newest family member is a 5-function, surement and the patented high-stability lsopolar™ 
21-range, economical, laboratory-precision bench reference. One year warranty, Certificate of Con- 
instrument. This low cost/high performance 4-1/2 formance, Test Documentation, instruction manual 

digit Multimeter features bright 1/2 inch planar dis- and probes. 

play, full electronic overload protection to 1000V on @ DC Volts, 100 microvolts to 1000V 

all DC ranges, 500V on AC, 115V on resistance, fuse @ AC Volts, 100 microvolts to 500V RMS 
protection on current. Simple 2-knob operation. Data @ Resistance, 100 milliohms to 20 Megohms 
Precision proven circuitry includes Tri-Phasic™ auto- @ ACand DC Current, 1 microamp to 2 Amps 
zeroing A/D converter, Ratiohmic™ resistance mea- @® AC Voltage/Current response, 30Hz to 50kHz 


In-stock availability from our representatives: 


AL (205) 533-5896 GA (404) 457-7117 MN (612) 781-1611 NY (N) (315) 446-0220 UT (801) 268-3181 
AZ (602) 994-9519 Hi (808) 262-6286 MO (W) (816) 737-0066 NY (S) (516) 482-3500 WA (206) 763-2210 
CA (N) (408) 733-9000 IL (312) 593-0282 MO (E) (314) 731-2331 OH (N) (216) 725-4560 

CA (S) (714) 540-7160 IN (317) 293-9827 NC (919) 787-5818 OH (S) (513) 885-4171 

co (303) 449-5294 MA (617) 273-0198 NJ (S) (215) 925-8711 OR (503) 238-0001 CAN (W) (416) 787-1208 
CT (203) 525-7647 MD (301) 792-8661 NJ (N) (201) 863-5660 TX (N) (214) 234-4137 CAN (W) (613) 772-5874 
FL (813) 294-5815 Mi (313) 482-1229 NM (505) 265-6471 TX (S) (713) 461-4487 CAN (E) (514) 731-9328 


BEIDATA PRECISION Data Precision Corporation 


Audubon Road, Wakefield, MA 01880 


.. Years ahead Phone (617) 246-1600 


For more information, Circle No. 72 
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CAPACITORS. An 8-pg. brochure de- 
scribes capacitance ranges, specifica- 
tions and physical characteristics of 
ceramic chip capacitors. Included dia- 
grams and graphs give easy reference. 
GTl/Tensor Electronics, Inc., 11558 
Sorrento Valley Rd., San Diego, CA 


92121. Circle No. 248 


THE BOXCAR INTEGRATOR 


LEP BESS. 
sae = 














BOXCAR INTEGRATOR. App note 
#44L1.0 deals with boxcar signal integra- 
tion using sampling-scope techniques to 
extend the measurement capability of a 
repetitive signal into the GHz frequency 
range. Tektronix Inc., Box 500, Beaver- 
ton, OR 97077. Circle No. 249 
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HEAT SINKS/DISSIPATORS. An 8-pg., 
short-form catalog details a comprehen- 
sive line of heat sinks, dissipators and 
other devices for thermal management. 
It gives all critical dimensions and 
includes performance curves for most 
dissipators. IERC, 135 W. Magnolia Blvd., 
Burbank, CA 91502. Circle No. 250 
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AMPLIFIERS. Fifty-two amplifiers, manu- 
factured for special applications, are 
described in this short-form catalog. 
Included are general-purpose and 
power wideband amps, low-noise pre- 
amps, pulse and video amps and 
multicouplers. Units are available in 
modular form, rack mountable or 
laboratory instrument cases for dc or ac 
powering. C-COR Electronics, Inc., 60 
Decibel Rd., State College, PA 16801. 


Circle No. 251 


MATCHED LIMITER CHANNELS. App 
note AP401 notes the difficult problems 
encountered when aligning and testing 
IF limiters, and presents a solution using 
an amplitude sweeping test set. A typical 
test set up for making phase tracking 
measurements with the RHG Log Test 
Set is also diagrammed. RHG Electronics 
Laboratory, Inc., 161 E. Industry Ct., 
Deer Park, NY 11729. Circle No. 252 


INSTRUMENTATION. This short-form, 
applications-oriented catalog describes 
the full line of precision transducers and 
instrumentation for sensing, measuring, 
and analyzing all aspects of sound and 
vibration. B & K Instruments, Inc., 5111 
W. 164th St., Cleveland, OH 44142. 
Circle No. 253 


LIMITERS. App note #2 discusses the use 
of limiters in communications equip- 
ment. Topics include receiver front-end 
protection and the design constraints of 
a communication limiter. A performance 
comparison between communication 
limiters and EW limiters is included. 
American Electronic Laboratories, Inc., 
Box 552, Lansdale, PA 19446. 


Circle No. 254 


HEAT EXCHANGER CATALOG No. 30 
presents information to help electronic 
engineers more easily design liquid 
systems to cool electronic components. 
This updated manual completely covers 
the important heat exchanger areas of 
water and air flow; pumps, fans and 
tubing layouts together with conversion 
data for special application problems. 
Wakefield Engineering Co., Aubudon 
Rd., Wakefield, MA 01880. 


Circle No. 255 


MICROCOMPUTER DIGEST. This news- 
letter covers developments, applica- 
tions, products and other areas of 
interest in the microcomputer industry. 
Microcomputer Associates, Inc., 2386-C 
Walsh Ave., Santa Clara, CA 95050. 
Circle No. 256 


(RC) 
SOLID STATE 





SOLID-STATE TIMERS. The brochure 
features pictures, specs and a mini- 
course in application and function of all 
the various types of timing modes. 
Information on proximity switches and 
the programmable controller is also 
included. Industrial Solid State Controls, 
Inc., 435 W. Philadelphia St., York, PA 
17405. Circle No. 257 


WAVEFORM RECORDER. The data sheet 
on the Model 610B waveform recorder 
tells how it can add storage to your 
scope. Its features are listed, and there is 
a section that describes the concept of a 
transient recorder. Biomation Corp., 
10411 Bubb Rd., Cupertino, CA 95014. 


Circle No. 258 


DIGITAL LOGIC RECORDER. A brief but 
fact-filled data sheet provides full 
information on the Model 810-D digital 
logic recorder. Photos, block diagrams, 
specs and performance curves define it 
fully. Biomation Corp., 10411 Bubb Rd., 
Cupertino, CA 95014. Circle No. 259 
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THIN ELECTRICAL STEELS. Catalog 
TES-100, a 28-pg. brochure, describes 
typical test data on 2 major types and 7 
thin gauges of Magnesil? silicon-iron 
electrical steels. Featured are easy-to- 
read design curves and other magnetic 
data that simplify material selection. 
Magnetics, Box 391, Butler, PA 16001. 
Circle No. 260 
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A Recorder... 


If all recorder requirements were the same, it wouldn’t make 
any difference what recording paper you used. All recording 
papers would be the same also. 





But the recording equipment you design is unique. Its 
recording speed, dynamic range, resolution and other char- 
acteristics are not identical to all other recorders. So if you 
are going to get peak performance, you must use a recording 
paper which matches your unique design requirements. 





At Fitchburg CPI we have ten different lines of coated 
recording paper. With literally hundreds of standard varia- 
tions to meet practically every recording requirement. We 
have recording papers to meet the special requirements of 
sonar, computer print out, electrocardiograph, non-destructive 
testing, industrial event recording, photo facsimilies and voice 
characteristic sonagrams. 


If we don’t have a recording paper to exactly match the 
characteristics of your machine, we can develop one. Our 
lab facilities and R & D department are at your disposal. 








Fitchburg CPI is the world’s largest manufacturer of electro- 
sensitive recording paper. Our technical personnel will select 
or develop a recording paper for your machine that will record 
all the detail and fidelity of your recording signal. 


lf you build specialized recording equipment, why not allow 
us to advise you on the selection of electrosensitive, heat 
writing, pressure writing or other recording media. As a start, 
we would like to send you a free copy of our technical bro- 
chure ‘“‘The dry electrosensitive process’’. It’s yours for the 
asking. 





FITCHBURG COATED PRODUCTS 


Litton Box 1106. Scranton, Pa. 18501 Phone: 717-347-2035 
For more information, Circle No. 73 
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revealing truth 
about 
DIGITAL FILTERS 


Shocking? Well, hardly. 
But very definitely. in- 
formative. Reader reviews 
of this 6-part series were 
wildly enthusiastic. 

So much so that we now 
offer REPRINTS—a bound 
collection of the whole 
series. A ready, con- 
venient and exhaustive 
reference on an interesting 
and challenging topic. 
Order yours today. Check 
Or money order must 
accompany order. 

46 pages $3.50 postpaid 


Digital Filter Series 
221 Columbus Ave. 
Boston, MA 02116 


copies of Designers’ Guide 
to Digital Filters @$3.50 
each. Payment enclosed. 
Make checks payable to 


| 

| 

| 

| 

| 

| Please send me 
| 

| EDN. 

| 

| 


Quantity 0-9 $3.50 
Rates 10-99 $2.95 
| 100 up $2.75 
| Name 
| Company 
| Address 
| City 
State/ZIP 


| MA residents add 3% 
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MA residents add 3% Sales Tax _| | 
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LITERATURE 





SWITCHES AND KEYBOARDS. The 
72-pg. catalog, C-74, has been expanded 
and updated to offer complete listings, 
engineering drawings, operating char- 
acteristics and technical data on switches 
and keyboards. Among the items it 
includes are snap-action switches, lever- 
wheel and thumbwheel switches, matrix 
selector switches, keyboards and key- 
board switches. Cherry Electrical Pro- 
ducts Corp., Box 718, Waukegan, IL 
60085. Circle No. 261 


RENTAL INSTRUMENTS. The 1974-75 
Quick-Rental instruments catalog, GEP- 
1551A, describes hundreds of types of 
test instruments available on a rental 
basis. It lists the nationwide network of 
rental sales/service offices and inventory 
centers, plus related services for 


measurement consulting, instrument 
repair, and computer terminal service. 
General Electric Co., Bldg. 28, Schenec- 
tady, NY 12345. 


Circle No. 262 





GENERATORS. This 6-pg. short-form 


catalog describes 31 different generator 
models. Included are function gener- 
ators, phase generators, frequency 
synthesizers and complex waveform 
synthesizers. The catalog also contains a 
model capability cross-reference chart 
and prices. Exact Electronics, Inc., Box 
160, Hillsboro, OR 97123. 

Circle No. 263 





POWER FILM RESISTORS. This test 
report graphically illustrates the stability 
of the Type MP performance power film 
resistors as measured over 4-1/2 yrs. 
Eighteen resistors were subjected to 
continuous ‘‘Power ON-OFF” tests and 
the results show both the min. and max. 
changes and the average shift. Caddock 
Electronics, Inc., 3127 Chicago Ave., 
Riverside, CA 92507. Circle No. 264 


THERMOMETER SYSTEM. A data sheet, 
punched for catalog reference use, gives 
the complete electrical and mechanical 
specs for a multi-temperature, push- 
button electronic thermometer system. 
Applications, prices, temp. ranges, 
accessory probes, panel or console 
installation and dimensions are all 
described in data sheet F-6417. Pak- 


Tronics, Inc., Dept. ET, 4044 N. Rockwell 
St., Chicago, IL 60618. Circle No. 265 





RF SWITCHES. This 18-pg. microwave 
app note, #3, covers the interface 
requirements of RF switch drivers and 
the effect of drivers on the performance 
of these switches. Tables, figure draw- 
ings and photographs are included as 
illustrative material. American Electronic 
Laboratories, Inc., Box 552, Lansdale, PA 
19446. Circle No. 266 


MOS CIRCUITS. The MOS integrated 
circuit catalog contains over 500 pgs. of 
design and application information on 
standard MOS products. Items included 
are digital calculators, digital clocks, shift 
registers, memories, character gener- 
ators, code converters and microproces- 
sor elements. National Semiconductor, 
2900 Semiconductor Dr., Santa Clara, CA 
95057. Circle No. 267 
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IR’s new glass passivated, high voltage 





Power Iransistors and Darlingtons... 





The three other largest selling high 
voltage power transistor lines of today 
offer you good characteristics. But while 
a specific device may excel in specs for 
One parameter, it may be marginal in 
other equally important characteristics. 
Not so with IR’s new high voltage power 
transistors. They easily meet or exceed 
all established specifications. Now you 
can design a better, more efficient cir- 
cuit without compromising. 


¥ High Voltage and High Gain 
in the same transistor. 


Most others offer you either high volt- 
age or high gain. They can’t give you 
both in the same device. We can. For 
example: rated to 700Vcr0o with an Ic 
from 7 to 10 Amps (pulse), we provide 
a gain of 30-90 at 1 Amp. 


~ GLASS PASSIVATION ——~~y 





* Glass Passivation for 
longer life, better stability. 


IR triple-diffused, NPN mesa struc- 
tures are the first and only high voltage 
power transistors with glass passivated 


Prove our point 


on your curve 


Get your test sample today. 


formance 
where It really counts.’ 


junctions. You'll get longer life and a 


stability unequalled by the other brands. 





The avalanche curve pictured shows our 
“sharp” curve and the “soft” curve of 
the others. Convincing evidence of bet- 
ter junctions that you can operate at full 
rated specs without a worry. 


% Lower Saturation Voltage 
for better efficiency. 


IR saturation voltage is lower than the 
others. Higher efficiency, less power loss, 
reduced power consumption and system 
operation at lower power levels are your 
new advantages. And you won’t have to 
sacrifice switching speeds or voltage 
capability. 


¥% ‘‘Stress-Relief’’ Bonding for better 
resistance to temperature cycling. 


IR’s “Stress-Relief’ bonding between 
the chip and mounting surface gives bet- 
ter protection from thermal cycling, 
gives you an extra margin of safety in 
thermal design considerations, with a 
broad safe-area that is more than ade- 
quate for any application. 






Competitively Priced and 
Cross-Referenced to the 3 major lines. 


IR high voltage power transistors are 
available in 12 models rated from 300 to 
700Vcxso with an Ic from 7 to 10 Amps 
(pulse). Monolithic Darlingtons in 15 
models are rated to 600 Vcxso with an Ic 
from 15 to 25 Amps (pulse). All are in 
the standard TO-3 package. 


Find IR’s equivalent to the devices 
you're now using, then ask your local IR 
salesman, Rep or Distributor for com- 
plete specs and a test evaluation sample. 
When you’ve put it to the test, we think 
you'll agree. It’s better — everywhere 
that counts. 


IR P/N Delco P/N RCA P/N j{ Motorola P/N 
R401 DTS 401 MJ3026 
MJ3027 





IR402 DTS 402 MJ3028 
2N3902 MJ3030 
2N3788 
2N3902 
IR403 DTS 403 
IR409 DTS 409 
1R410 DTS 410 RCA410 MJ410 
IR411 DTS 411 RCA411 MJ411 
2N5838 MJ1800 
2N5839 MJ3029 
MJ3430 
IR413 DTS 413 RCA413 MJ413 
2N5840 
IR423 DTS 423 RCA423 MJ423 
IR424 DTS 424 MJ424 
1R425 DTS 425 MJ425 
1R430 DTS 430 2N5239 MJ430 
2N5240 
IR431 DTS 431 RCA431 MJ431 
2N5240 2N5241 





Monolithic Power Darlingtons 


1R4040 DTS 4040 








































1R4045 DTS 4045 Ask for ee 

on IR’s 
1R4060 DTS 4060 additional types. 
1R4065 DTS 4065 


International 





Rectifier 


..the innovative power people 


233 KANSAS ST., EL SEGUNDO, CA 90245, (213)678-6281 


For more information, Circle No. 75 
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Numbers were multiplexed 
Dear Sir, 

In my article, ‘“New multiplexing 
technique reduces system dis- 
play cost’’ (EDN, Sept. 5, 1974, 
pp.61-63),two partnumbers were 
incorrect. Z,, should be a 7404, 
while Z,, should be a 7414. Also, 
there should be no connection 
to the “0” output of Z, (74154). 
Outputs 1-15 drive the display’s 
digit select drivers. 


Very truly yours, 


Don Alford 

Microtel Systems 

Dallas, TX 

(Ed. Note: Seems as if we 


momentarily lost our decoder 
and got some signals crossed 
when re-drawing the diagram.) 


Active and digital filter 
reprints 


In answer to the many requests 
for reprints of EDN’s Designers’ 
Guides to Digital and Active 
Filters, we have bound each set 
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together. See the ads in this 
issue for complete ordering 
information. 


Roy Forsberg 
Editor 


it’s about time! 


Then there’s the story about the 
somewhat slow fellow who sat 
on his digital dock. In great pain 
he rushed to a doctor, who 
pulled the LED out of his tail. 


How true 


“A new product is the easiest 
thing to keep down, and the 
hardest thing to defend.” 

“On Research—a collection of 
quotations,” Arthur D. Little, 
Inc. 


Want to travel? 


Gentlemen: 

Our intensive short courses on 
microprocessors and microcom- 
puters are being enthusiastically 
received. We thank you for your 








cooperation and assistance in 
providing such excellent refer- 
ence material. Keep up your 
pioneering work! 

Your readers might be inter- 
ested in the following additions 
to our schedule. 


Oct. 29-30 San Francisco, CA 
Nov. 6-8 Washington, DC 
Nov. 12-14 Miami Beach, FL 


Nov. 19-21 Copenhagen, Denmark 


Nov. 26-28 London, England 
Dec. 3-5 Rome, italy 
Dec. 9-11. Tel Aviv, Israel 


Very truly yours, 

Billie LoPinto 

Integrated Computer Systems 
12561 Appleton Way 

Mar Vista, CA 90066 


Flashback to foldback... 


Gentlemen: 

R. J. Haver, in his Aug. 20, 1974 
article on current foldback, 
noted ‘’...the drawback to this 
protection method is a slight 
decrease in efficiency....”’ 

A solution to this drawback is 
to return the bottom of R; to a 
positive reference of a value up 
to or exceeding Voy. In Fig. 4 of 
the article, for example, R; may 
be returned to pin 2 of the 
MPC1000. Then, if the new 
circuit equations are developed, 
R, is reduced both in value and 
power rating, while R, and R; 
have new optimum values. 
Short-circuit current is easily 
reduced to a few mA, relieving 
the pass transistor’s SOA prob- 
lems. Moreover, in some de- 
signs Vix can be reduced, 
resulting in greater efficiency 
and less heat generation. 


Sincerely, 

Arthur R. Kopp, Project Engineer 
Optical Scanning Corp. 
Newtown, PA 
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with a WJ-1300 


| DATE* SYSTEM 


Until now, incoming inspection and production testing of 

P.C. boards, |.C.s and digital logic was a slow, trial and error, 
__kluge-fostering operation. And your odds of being right were less 
than 70%. But, thanks to Watkins-Johnson’s ADATE, that’s all 

_a thing of the past. The new ADATE 1300 is a compact, 

low cost, computerized test system capable of performing 
dynamic tests at speeds up to 20 MHz. 


Here are just a few of the features you get in ADATE 1300: 


-e Automatic, computer-controlled testing of digital assemblies, 

_ subassemblies and modules. 

A conventional on-line translator (COLT) that allows a 

_ technician to generate, debug, verify, and document programs 
_ without any additional equipment. 

. Operation and maintenance easy enough to be handled by a 
technician with minimum retraining. 

e Anefficient programmable unit under test interface assembly 
that eliminates the requirement for a large number of adapters. 
Fully modular design concepts allowing “pay as you 

_ grow’ capability. 

-Acomplete selection of special options available from 
Watkins-Johnson. 





* Automatic Digital Assembly Test Equipment 


WATKINS-JOHNSON | 





\Watkine Johneon—U. S.A.: 3333 Hillview Ave., Palo Alto, CA 94304 » (415) 493-4141 « TWX: 910- 373- 1253 « Telex: 34-8415 « Cable: WJPLA »« 700 Ouinee Or 
Rd., Gaithersburg, MD 20760 » (301) 948- 7550 « * TWX: 710-828-0546 « Telex: 89-8402 * Cable: WJCEI * United Kingdom: Shirley Ave., Windsor, Berkshire 
Eng and * * Tel: Windsor 69241 * Cable: WJUKW-WINDSOR ®* Telex: 847578 * West Germany: 8033 Planegg, Muenchenerstr. 17 * Tel: ~~ oo 4) 
| neney ° Telex. ‘529401 ¢ Italy: Piazza G. Marconi, 25 00144 Roma-EUR « Tel: 59 45 54 ¢ Cable: WJROM-ROMA » Telex: 60117 | 


For more information, Circle No. 76 





New forced air 


cooling package 
dissipates 450 watts; 
costs only $6.50° 





Our new Series FAHP4 
blower package measures » 
only 3-3/4” x S5-3/16” x 4-11/16” 
and weighs only 14 ounces, yet dissipates 

450 watts in a 25°C ambient with a case 
rise of less than 95°C. The secret to its 
high performance and low cost is the use 
of four standard IERC HP3 staggered 









*1000-pc qty.; 
fan not included. 


finger heat sinks. Since the 

semiconductor hole pattern is 

in the heat sinks we assemble the 

FAHP4 from standard off-the- 

shelf heat sinks and shrouds. Ask for our 

new data sheet. IERC, 135 W. Magnolia 

Blvd., Burbank, Calif. 91502, a subsidiary 
of Dynamics Corporation of America. 


IERC Heat Sinks 


For more information, Circle No. 77 


CUSTOM ELECTRONICS’ 
MICA CAPACITORS: 
short on DELIVERY 
long on RELIABILITY 


That describes our CMR type capacitor, ideal for ‘potted-in” 
applications where minimum size and low per-unit cost are im- 
portant. All our dielectric is screened before production to avoid 


failure in the field. 


Installation No. 


CMRIA102104K 
CMRIA302104K 
CMRIA103103K 


Cap. 


0.1 pf 
0.1 pf 
0.01 pf 


TYPICAL UNITS: 
WVDC 


1 to 10 Qty. 


REE: Descriptive TechniTip, 
includes Mica Sample. Write: 
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Domestic Sales Offices 


Hugh R. Roome 

Vice President and Group Publisher 
221 Columbus Ave. 

Boston, Mass 02116 

(617) 536-7780 


Terry McDermott 
Marketing Manager 
221 Columbus Ave. 
Boston, Mass. 02116 
(617) 536-7780 


NEW YORK CITY 10017 

Bill Segallis, District Manager 
205 E. 42nd St. 

(212) 689-3250 


BOSTON 02116 

Richard Parker, District Manager 
Hal Short, District Manager 

221 Columbus Ave. 

(617) 536-7780 


PHILADELPHIA 19103 

Steve Farkas, District Manager 
Penn Towers 

1819 John F. Kennedy Blvd. 
(215) 569-2424 


CHICAGO 

Frank Vitek, District Manager 
Frank Sibley, District Manager 
15 Spinning Wheel Rd. 
Hinsdale, Ill. 60521 

(312) 654-2390 


CLEVELAND 44115 

Frank Hund, District Manager 
1621 Euclid Avenue 

(216) 696-1800 


DENVER 80206 

John Huff, Regional Manager 
270 St. Paul St. 

(303) 388-4511. 


SAN FRANCISCO 94103 

Pat Wiesner, Northwestern Manager 
Jerry P. Burns, District Manager 
Pruneyard Towers 

1901 So. Bascom 

Campbell, California 95008 

(408) 377-6777 


LOS ANGELES 90036 

Ed Schrader, Regional Manager 
5670 Wilshire Blvd. 

(213) 933-9525 


TOKYO 106 JAPAN 

Hiroshi lwai, President 
Media House Ltd. 

R 212 Azabu Heights 

1-5-10 Roppongi, Minato-Ku. 
(03) 585-9571 Telex: J28208 
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The 
whole truth 


about 
ACTIVE FILTERS 


A reprint of EDN’s series 
on active filters by Phil 
Geffe may not really be the 
last word on the subject— 
but it does contain a 
bonus—Part VI - “Elliptical 
Filters.”’ 

This series has received 
such excellent reader re- 
sponse that we have 
bound together the com- 
plete text, easy to file, 
ready for instant refer- 
ence. Order your copy 
now. Check or money 
order must accompany 
order. 


44 pages $3.50 postpaid 


Active Filter Series 
221 Columbus Ave. 
Boston, MA 02116 


Please send me 

copies of Designers’ Guide 
to Active Filters @$3.50 
each. Payment enclosed. 
Make checks payable to 
EDN. 


Quantity 0-9 $3.50 


10-99 $2.95 
100 up $2.75 


Rates 


| Name 


| Company 


| Address 


| City 


| State/ZIP 


MA residents add 3% Sales Tax 











Discover how these auto-multimeters 
keep you out of trouble. 


On the surface they may look like 
any well-designed digital 
multimeters. 

Now look closer. What else do 
you see? 

There... the Fluke name! 


That indicates unusual performance. 


We designed both the Fluke 8600A 
and the 8800A with auto range, auto 
zero, and auto polarity. And every 
parameter ts fully protected. This 
means you Can accidentally overload 
the instrument with too much 
current...too much voltage...or 
too much resistance!!...and you’re 
still okay. : 

Another way you stay out 
of trouble: MTBF on each 
instrument is a minimum 
of 10,000 hours. 

Now, the specs. 

The 26-range Fluke 8600A, 
$599. We packed this 20,000 
count multimeter with five 


In the continental U.S., dial our toll free number 800-426-0361 fo: 
source. Abroad and in Canada, call or write the office nearest 


ranges of volts from 200 mV 
through 1200 V ac and dc. Five 
ranges of current, 200 pAto 2A ac 
and dc. And six ranges of resistance 
from 200 ohms to 20 megohms. 
Basic dc accuracy is a fully 
credible 0.02%. Options include 
built-in automatic rechargeable 
battery pack for up to 8 hours off-line 
operation. Digital output is also 
offered. 

The 0.005% Fluke 8800A, $1099. 
This digital multi- 
meter features five 
ranges of dc volts 
from =200 mV © 














u veipe below, John Fluke Mfg. Co., 


| For Information Circle No. 13 
For data out today, dial our toll-free hotline, “ee 


the name and address of your nearest local 
inc., P.O. 


7.3973. Telex: 844-52237. 
jland. Phone 0923-33066. 


TWX: 610- 492-2119. | 


to =1200 V. Four ranges ac from 2 V 
to 1200 V. And six ranges of four 
terminal resistance from 200 ohms to 
20 megohms. For complete isolation 
the input resistance is better than 
1,000 megohms on lower ranges and 
10 megohms on the higher ranges. 
For critical resistance measure- 
ments the instrument provides 
completely isolated four terminal 
ohms with less than 4 volts open 
circuit from 200 ohms through 
20 megohms. 
So there are the specs. 

: Impressive ? We think so. But 
~ remember—specs are 
one thing. That name 
on the panel, however 

... lt’s what makes a 
Cadillac a Cadillac. 
And a Fluke a Fluke. 
For details, call your : 
nearest Flukesalesengineer. _ 
Or simply dial our hot line. 




























































For Demonstration Circle No. a 
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we've captured — 
the Butterfly switch 
with the Frost-Glo' light 


With the economy of one lamp, Licon adds eye appeal to lighted switching with 
our Series 01-669 LPB. We call it Frost-Glo. We've captured soft, even lighting... 
with no hot spots. Lighting to complement front of panel appearance on computer, 
computer peripheral, communications, office, test and medical electronic equipment. 
Eye appeal aside, Series 01-669 offers advantages you can't get with the conventional | 
aided bCopalm-ai\aikel alelbbadqseldyiabel-hojo)blorcieloveMsloldel sthiccmolojolbl(-vajel-vel-]/me1bice)bia-/A-melpimsel=3 co 
delomssteebll-tala'ai-selel-Mmey-vo(- MONE cleo Cathabba=\M-selclesleMsecoyelaeyaer-vel-Jupeslolevelatelemmonenlar rel 
one-piece design and construction. Equal length for both alternate and momentary 
s Aesasilojalstreyielepl-Meyakelolelo)(-Molel(@Mm-secthel(-Mtels{-sar-Ve)(oWs (cle (-seleicmr-belemE=seet.baam (ole) abelemmsuien 
elasels (ole r-solemer-hor-l oplbia(-\-Ml mt -(oiccbelesbltcbatoyeloMs bles lamentsyo) ly andol-tmmlcmolopeeyol-1¢-00)(—mcomdel-l axe! 
the two lamp competitors. Plus Licon’s proven double break, double reliable patented 


Butterfly switch mechanism. And beautituly ® 
priced. For information and specs, write: 1 
LICON, Division Illinois Tool Works Inc., 


6615 W. Irving Park Rd., Chicago, IIl.60634. The Innovative Electronics Group of ITW 
Phone (312) 282-4040, TWX 910-221-0275. LICON * EMCON *© PAKTRON 


For more information, Circle No. 3 
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We helped 
write the 
book! 


Don’t spin your wheels when you shift to 
established reliability from standard mil- 
itary specifications. Dale has the QPLs and 
the finished goods stock to save you valu- 
able time. We're 


Fast delivery offering fast deliv- 


on many stvies ¢'y 0” many estab- 
seb lished reliability par 


numbers for both wirewound and metal 
film resistors and wirewound trimmers. 
And we can deliver something else, too: 
Experience. Our work in the Minuteman 
program led to the formulation of the first 
specifications for established reliability 
resistors. Since then our materials improve- 
ment and failure rate documentation pro- 
grams have become models in the industry. 
Today our AGS resistors have a proven 
failure rate of .000032% per 1,000 hours. 
That's established reliability. Put it to work 
for you now. Call 402-564-3131 (wire- 
wound styles) or 402-371-0080 (film styles) 
or dial 800-645-9200 for the name of your 
Dale representative. 





































DALE ELECTRONICS, 

Columbus, Nebr.68601 | 
A subsidiary of The Lionel Corporation 
In Canada: Dale Electronics Canada Ltd. 
In Europe: Dale Electronics GMBH, 
8 Munchen 60, Falkweg 51, West Germany 


For more information, Circle No. 4 








